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DRINKING  WATER  AND  HfJVLTH 

Recommendations  of  the  National 
Academy  of  Sciences 

This  publication  of  the  recommenda¬ 
tions  of  the  National  Academy  of  Sci¬ 
ences  (NAS)  is  made  according  to  the 
requirements  of  the  Safe  Drinking 
Water  Act  (Pub.  L.  93-523). 

The  present  publication  consists  es- 
.sentially  of  the  summary-  of  the  NAS 
report  which  was  delivered  to  Congress 
on  May  26,  1977.  The  full  report  was  de¬ 
livered  on  June  20,  1977. 

The  Safe  Drinking  Water  Act  (Pub. 
L.  93-523)  was  enacted  on  December  16. 
1974,  giving  the  Administrator  of  the 
Environmental  Protection  Agency 
(EPA)  the  power  to  control  the  quality 
of  the  drinking  water  in  public  water 
systems  through  regulation  and  other 
means.  The  Act  called  for  a  three-stage 
mechanism  for  the  establishment  of 
comprehensive  regulations  for  drinking 
water  quality: 

1.  Promulgation  of  National  Interim  Pri¬ 
mary  Drinking  Water  Regulations. 

2.  A  study  to  be  conducted  by  the  Nation* 
al  Academy  of  Sciences,  within  2  years  of 
enactment,  on  the  htunan  health  effects  of 
exposure  to  contaminants  in  drinking  water, 
and 

3.  Promulgation  of  Revised  National  Pri¬ 
mary  Drinking  Water  Regulations  based  up¬ 
on  the  NAS  report. 

National  Interim  Primary  Drinking 
Wa£er  Regulations,  pursuant  to  section 
1412(a)  of  the  Act,  were  promulgated  on 
December  24,  1975,  and  July  9,  1976.  to 
become  effective  on  June  24,  1977.  These 
were  based  on  the  Public  Health  Service 
Drinking  Water  Standards  of  1962,  as 
revised  by  the  EPA  Advisory  Committee 
on  the  Revision  and  Application  of  the 
Drinking  Water  Standards,  and  contain 
maximum  contaminant  levels  and  moni¬ 
toring  requirements  for  microbiological 
contaminants,  10  inorganic  chemicals,  6 
organic  chemicals,  radionuclides  and 
tuebidity. 

Section ^1412(b)  (1MA»  of  the  Act 
States: 

Within  10  days  of  the  date  the  report  of 
the  study  conducted  pursuant  to  subsection 
4e)  is  submitted  to  Congress,  the  Admin¬ 
istrator  shall  publish  in  the  Federai,  Regis¬ 
ter.  and  provide  opportunity  for  comment 
on,  the — 

(1)  Proposals  in  the  report  for  recom¬ 
mended  maximum  contaminant  levels  tar 
national  primary  drinking  water  regulations, 
and 

(il)  List  In  the  report  of  contaminants 
the  levels  of  which  cannot  be  determined 
but  which  may  have  an  adverse  effect  on  the 
health  of  persons. 

In  essence,  the  report  of  the  National 
Academy  of  Sciences  study  should  pro¬ 
vide  health  goals  for  contaminants  in 
drinking  water,  i.e.,  levels  at  which  there 
are  no  known  adverse  health  effects.  The 
Administrator  must  then,  using  the  in¬ 
formation  supplied  by  the  National 


Academy  of  Sciences,  develop  maximum 
contaminant  levels  (MCL’s)  for  National 
Primary  Drinking  Water  Regulations  or 
treatment  requirements.  In  doing  so.  the 
Administrator  may  modify  the  recom¬ 
mendations  of  the  Academy  by  incor¬ 
porating  .safety  factors,  by  taking  eco¬ 
nomics  into  account,  or  for  other  reasons. 
The  basis  for  the  Administrator’s  actions 
will  be  adequately  explained  in  drinking 
water  regulations  subsequently  published. 

Ba.sed  on  the  completed  National 
Academy  of  Sciences  Report  and  the 
findings  of  the  .Administrator,  EP.A  will 
publish : 

( 1 »  Recoiiuueuded  Maximum  Contaminant 
Levels  ( health  goals)  for  substances  In  drink¬ 
ing  water  which  may  have  adverse  effects  on 
humans.  These  recommended  levels  will  be 
selected  so  that  no  known  or  anticipated  ad¬ 
verse  effects  would  occur,  allowing  an  ade¬ 
quate  marcln  of  safety.  A  list  of  contami¬ 
nants  which  may  have  adverse  effects,  but 
which  cannot  be  accurately  measured  In  wa¬ 
ter,  will  also  be  published. 

(2)  Revised  National  Primary  Drinking 
Water  Regulations.  These  will  specify  MCL's 
or  require  the  use  of  treatment  techniques. 
MCL’s  will  be  as  close  to  the  recommended 
levels  for  each  contaminant  as  is  feasible. 
Required  treatment  techniques  for  tho.se  sub¬ 
stances  which  cannot  be  measured  will  re¬ 
duce  their  concentrations  to  a  level  as  close 
to  the  reconunended  level  as  Is  feasible.  Fea¬ 
sibility  is  defined  in  the  Act  as  use  of  the 
best  technology,  treatment  techniques  and 
other  means  which  the  Administrator  finds 
are  generally  available  (taking  costs  Into 
consideration » . 

Tlie  recommendations  of  the  National 
Academy  of  Sciences  follow.  The  report 
is  prefaced  with  an  explanation  of  the 
Academy’s  interpretation  of  their  re¬ 
sponsibilities  under  the  Safe  Drinking 
Water  Act,  and  an  outline  of  the  type  of 
recommendations  the  Academy  was  able 
to  furnish.  The  report,  entitled  “Drink¬ 
ing  Water  and  Health,”  is  a  summary 
of  the  full  report  of  the  Academy’s  study 
of  contaminants  in  drinking  water. 
Copies  of  this  summary  report  are  avail¬ 
able  from  the  Criteria  and  Standards 
Division,  Office  of  Water  Supply  (WH- 
550),  Environmental  Protection  Agency, 
Washington.  D.C.  20460.  The  Academy 
has  scheduled  a  public  meeting  July  7, 
1977  at  9:00  AM  at  2101  Constitution 
Avenue  NW,  Washington,  D.C.  20418,  to 
discuss  the  content  of  the  full  report. 

Copies  of  the  prepublication  draft  of 
the  full  report  are  available  for  inspec¬ 
tion  at  the  Academy  and  EPA  Headquar¬ 
ters.  Telephone  202-755-5643  for  addi¬ 
tional  information. 

The  public  is  invited  to  comment  in 
writing  on  the  Academy’s  recommenda¬ 
tions.  All  communications  should  be  sent 
to  Dr.  Joseph  A.  Cotruvo,  Director,  Cri¬ 
teria  and  Standards  Division,  Office  of 
Water  Supply  (WH-550),  Environmen¬ 
tal  Protection  Agency,  Washington,  D.C, 
20460.  Comments  should  be  received  by 
August  31,  1977,  but  comments  received 
after  that  date  will  be  considered  as  time 
permits. 

Dated:  June  30,  1977. 

Barbara  BLinvi. 

Acting  Administrator. 


The  National  Academy  or  Sciences  Study 

LEGISLATION  AND  TERMS  OF  REFERENCE  OF  THE 
STUDY 

The  Safe  Drinking  Water  Act  of  1974  and 
the  NAS  study  (Pub.  L.  93  -523) 

PURPOSE  OF  LEGISLATION 

The  purpose  of  the  legislation  is  to  assure 
that  the  public  is.  provided  with  an  adequate 
quantity  of  safe  drinking  water.  It  Is  to 
assure  that  water  supply  systems  serving  the 
public  meet  minimum  national  standards  for 
protection  of  public  health. 

Until  passage  of  the  Act,  the  Federal  Gov¬ 
ernment  was  authorized  to  prescribe  drinking 
water  standards  only  for  water  supplies  used 
by  interstate  carriers,  and  they  were  enforce¬ 
able  only  with  respect  to  contaminants  ca¬ 
pable  of  causing  communicable  diseases.  Pub. 
L.  93-523  authorized  the  Environmental  Pro- 
tectlob  Agency  to  establish  Federal  standards 
for  protection  from  all  harmful  contami¬ 
nants  and  established  a  Joint  Federal-State 
system  few  assuring  compliance  with  these 
standards  and  for  protecting  underground 
sources  of  drinking  water. 

ABRIDGED  SUMMARY  OF^  THE  LEGISLATION 

a.  Required  the  Administrator  of  Eff’A  to 
prescribe  national  drinking  water  regulations 
for  contaminants  wh^ph  may  adversely  afftet 
health. 

b.  Provided.  That  such  regulations  apply 
to  public  water  systems  and  protect  health 
to  the  maximum  extent  feasible. 

c.  Provided,  That  Interim  primary  regula¬ 
tions  be  prescribed  initially  and  that,  after 
a  study  by  the  National  Academy  of  Sciences, 
health  goals  were  to  be  established  and  re¬ 
vised  primary  regulations  promulgated.  That 
portion  of  the  Act  pertaining  to  the  NAS 
study  and  the  scope  of  work  Is  detailed  below. 

d.  Provided  for  a  number  of  other  require¬ 
ments  and  administrative  authorizations  not 
directly  related  to  the  NAS  study. 

NEED  FOR  LEGISLATION 

Congressional  hearings,  EPA  studies,  and 
evidence  from  a  number  of  sources  estab¬ 
lished  that  legislative  authority  prior  to  pas¬ 
sage  of  the  Act  was  Inadequate  to  assure  that 
water  supplied  to  the  public  was  safe  to 
drink. 

This  conclusion  was  based  on  evidence  that 
waterborne  disease  outbreaks  still  occur  In. 
this  country.  Examples  include  an  epidemic 
at  Riverside,  California  In  1965  that  affected 
18,000  people,  an  outbreak  of  gastroenteritis 
In  Angola,  New  York  in  1968  affecting  30  per¬ 
cent  of  the  population  and  an  epidemic  of 
giardiasis  in  Rome,  New  York  In  1974  affect¬ 
ing  almost  5,000  people.  According  to  a  1970 
EPA  survey  of  969  drinking  water  supply 
systems,  approximately  8  million  people  la 
this  country  are  served  water  that  Is  poten¬ 
tially  dangerous  in  that  It  foiled  to  meet 
the  mandatory  standards  set  by  the  Federal 
Government  with  respect  to  Interstate  car¬ 
rier  systems.  The  deficiencies  In  the  majority 
of  cases  were  In  smaller  systems.  * 

Until  passage  of  the  Act  there  was  no 
provision  In  Federal  law  to  protect  the  public 
from  chemical  poisoning  and  none  to  pro¬ 
tect  those  not  traveling  on  Interstate  con¬ 
veyances  from  being  supplied  with  drinking 
water  which  may  cause  communicable  or 
noncommunlcable  Illness. 

Several  extensive  surveys  have  shown 
serious  deficiencies  In  the  number  of  water 
samples  examined  and  in  the  bacteriological 
and  chemical  quality  of  drinking  water. 
Many  systems  had  physical  deficiencies  In¬ 
cluding  poorly  protected  groundwater 
sources.  Inadequate  disinfection  and  clarifi¬ 
cation  capacity.  In  addition,  plant  operators 
were  Inadequately  trained.  Plants  were  not 
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betug  lnHpect«d  by  State  or  local  author¬ 
ities.  In  one  survey,  60  percent  of  plant  of¬ 
ficials  did  not  remember  when.  If  ever,  they 
had  been  surveyed  by  a  State  or  local  health 
department. 

House  of  Representatives  Report  No.  93- 
I1B6  and  Senate  Report  No.  93-231  and  Pub. 
L.  93-633  are  the  sources  of  Information  for 
the  foregoing. 

Pub.  L.  93-623  (section  1412(el )  mandated 
the  NAS  study  as  follows : 

1.  llie  Administrator  shall  enter  into  im¬ 
propriate  arrangements  with  the  National 
Academy  of  Sciences  (or  with  another  Inde¬ 
pendent  scientific  organization  If  appro¬ 
priate  arrangements  cannot  be  made  ^tb 
such  Academy)  to  conduct  a  study  to 
determine : 

A.  The  maximum  contaminant  levels 
which  should  be  recommended  In  order  to 
protect  the  health  of  persons  from  any 
known  or  anticipated  advme  effects,  and 

B.  Hie  existence  of  any  contaminants  the 
levels  of  which  in  drinking  water  cannot  be 
determined  but  which  may  have  an  adverse 
effect  on  the  health  of  persons. 

3.  The  result  of  the  study  shall  be  reported 
to  Congress  no  later  than  3  years  after  the 
date  of  enactment  of  this  title.  The  report 
shall  contain: 

A.  A  summary  and  evaluation  of  relevant 
~  publications  and  unpublished  studies; 

B.  A  statement  of  methodologies  and  as¬ 
sumptions  for  estimating  the  levels  at  which 
adverse  health  effects  may  occtu; 

O.  A  statement  of  methodologies  and  as¬ 
sumptions  for  estimating  the  margin  of 
safety  which  should  be  Incorporated  In  the 
national  primary  drinking  water  regula¬ 
tions; 

D.  Proposals  for  recommended  maximum 
contaminant  levels  for  national  primary 
drinking  water  regulations; 

B.  A  list  of  contaminants  the  level  of 
which  in  drinking  water  cannot  be  deter¬ 
mined  hut  which  may  have  an  adverse  ef¬ 
fect  on  the  health  of  persons;  and 

P.  Recommended  studies  and  test  pro¬ 
tocols  for  future  research  on  the  health  ef¬ 
fects  of  drinking  water  contaminants.  In¬ 
cluding  a  list  of  the  major  research  priori¬ 
ties  and  estimated  costs  necessary  to  con¬ 
duct  such  priority  research. 

3.  In  developing  Its  proopsals  for  recom¬ 
mended  maximum  contaminants  levels,  the 
National  Academy  of  Sciences  shall  evaluate 
and  explain  the  Impact  of  the  following  con¬ 
siderations: 

A.  The  existence  of  groups  or  individuals 
In  the  population  which  are  more  suscepti¬ 
ble  to  adverse  effects  ^an  the  normal 
healthy  adult. 

B.  The  exposure  to  contaminants  In  other 
media  than  drinking  water  (Including  expo¬ 
sures  In  food,  In  the  ambient  air,  and  In  oc¬ 
cupational  settings)  and  the  resulting  body 
burden  of  contamlnanfa. 

C.  Synergistic  effects  resulting  from  expo¬ 
sure  to  or  Interaction  by  two  or  more  con¬ 
taminants. 

D.  Hie  contaminant  exposure  and  body 
burden  levels  which  alter  physiological  func- 
tlon  or  structure  In  a  manner  reasonably 
suspected  of  Increasing  the  risk  of  Illness. 

4.  In  making  the  study  under  this  subsec¬ 
tion,  the  National  Academy  of  Sciences  (or 
other  organization)  shall  collect  and  cor¬ 
relate: 

A.  Morbidity  and  mortality  data  and 

B.  Monitored  data  on  the  quality  of  drink¬ 
ing  water.  Any  conclusions  based  on  such 
correlation  shall  be  Included  In  the  report 
of  the  study. 

6.  Neither  the  report  of  the  study  under 
this  subsection  nor  any  draft  of  such  report 
shall  be  submitted  to  the  Office  of  Manage¬ 
ment  and  Budget  or  to  any  other  Federal 
agency  (other  than  the  Environmental  Pro- 
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tectlon  Agency)  prior  to  Its  submission  to 
Congress. 

6.  Of  the  funds  authorized  to  be  appro¬ 
priated  to  the  Administrator  by  this  Utle, 
such  amounts  as  may  be  required  shall  be 
available  to  carry  out  the  study  and  take  the 
report. 

SCOPE  OF  WORK 

The  Academy  will  undertake  to  complete 
the  study  and  report  described  In  section 
1412(e)  of  the  Public  Health  Service  Act,  as 
amended  by  the  Safe  Drinking  Water  Act, 
with  the  following  understanding:  The  Acad¬ 
emy  considers  that  the  intent  of  Congress  In 
using  the  phrase  "maxlmiun  contaminant 
levels  which  should  be  recommended  *  •  • 
In  order  to  protect  the  health  of  persons 
from  any  known  or  anticipated  adverse  ef¬ 
fects"  is  to  provide  for  recommendations 
that  are  consistent  with  the  best  scientific 
knowledge.  It  is  the  Academy’s  judgment 
that  from  a  scientific  point  of  view,  the 
absolute  guarantee  of  safety  Implied  by  this 
language  cannot  be  made  for  most  or  all  of 
the  contaminants  to  be  studied.  The  Acad¬ 
emy  report  will  explain  and  discuss  this 
point.  Accordingly,  with  respect  to  recom¬ 
mended  levels,  taking  only  health  effects  Into 
account,  the  Academy’s  reporT  will  provide 
the  following : 

(1)  Where  there  are  sufficient  data  from 
which  a  human  dose-response  relationship 
can  be  projected  with  some  degree  of  preci¬ 
sion,  a  projection  will  be  made.  Hie  projec¬ 
tion  will  be  explained  and  Its  qualifications 
will  be  made  explicit. 

(2)  For  contaminants  for  which  the  data 
are  of  sufficient  quantity  and  quality,  the 
Academy  will  exercise  Its  scientific  Judge¬ 
ment  and  Identify  and  propose  contaminant 
levels  for  which  It  anticipates  the  risk  of 
adverse  health  effects  to  be  specifiable  and 
very  small.  The  risks  at  the  proposed  levels 
will  be  described,  with  an  explanation  as  to 
why  no  "safe"  level  has  been  Identified. 

(3)  For  contaminants  for  which  the  evi¬ 
dence  provides  no  scientific  basis  or  metho¬ 
dology  for  recommending  levels,  the  Aca¬ 
demy  will  describe  the  available  data>  and 
Its  significance  In  terms  of  known  or  antici¬ 
pated  adverse  health  effects. 

Thus  further  definition  of  the  scope  of 
work  w'as  developed  Jointly  between  NAS 
and  EPA. 

Summary  Report:  Drinkinu  Water  and 
Health 

INTRODUCTION 

I’be  high  quality  of  drinking  water  In  the 
United  States  Is  recognized  throughout  the 
world,  and  popularly  endorsed  by  the  free¬ 
dom  with  which  water  Is  consumed.  Never¬ 
theless,  mounting  concern  over  the  spread 
of  environmental  pollution  and  the  ^>pll- 
catlon  of  Increasingly  sensitive  methods  of 
analysis  have  led  to  new  legislation  that 
seeks  to  ensure  that  the  quality  of  drinking 
water  poses  no  threat  to  public  health. 

The  Safe  Drinking  Water  Act  of  1974  (Pub. 
L.  93-623)  requires  the  Administrator  of  the 
Environmental  Protection  Agency  (EPA)  to 
promulgate  national  standards  for  the  purity 
of  drinking  water  and  regulations  for  en¬ 
forcing  them.  The  Act  also  directs  the  Ad¬ 
ministrator  to  arrange  with  the  National 
Academy  of  Sciences,  or  other  appropriate 
organization,  to  study  the  adverse  effects  on 
health  attributable  to  contaminants  In 
drinking  water.  This  report  summarizes  the 
result  of  that  study.  A  pr^is  of  the  legisla¬ 
tion  and  Its  background,  the  objectives  of 
the  study,  and  the  names  of  those  who  con¬ 
tributed  to  It  are  given  In  the  Appendixes. 

The  primary  purpose  of  the  study  has  been 
to  assess  the  significance  of  the  adverse  ef¬ 
fects  that  the  constituents  of  drinking  water 
may  have  on  public  health.  The  economic  or 


technofoglcal  feasibility  of  coiurolling  the 
concentration  of  these  constituents  Is  outside 
the  scope  of  the  study.  The  health  effects 
associated  with  some  methods  of  disinfection 
have  received  attention,  but  the  relative  ef¬ 
fectiveness  and  potential  hazards  associated 
with  the  various  methods  of  water  disinfec¬ 
tion  have  not  been  evaluated. 

Application  of  analytlcad  methods  of  great 
sensitivity  has.  In  recent  years,  expanded 
our  knowledge  of  the  occurrence  and  diver¬ 
sity  of  Impurities  In  drinking  water.  How¬ 
ever,  Information  about  the  results  of  chronic 
Ingestion,  at  low  dose  rates,  of  most  of  these 
substances  is  acquired  slowly  because  the 
bloassays  that  are  usually  required  may  take 
two  or  more  years  to  complete.  Although  new 
approaches  to  the  problem  of  estimating 
chronic  adverse  health  effects  may.  In  the 
future,  ease  this  difficulty,  the  current 
knowledge  on  which  this  study  Is  based  Is 
Insufficient  to  assess  all  the  contaminants  of 
drinking  water.  ’The  results  reported  here 
must  therefore  be  considered  as  the  first 
contribution  of  an  effort  that  should  be 
continued. 

general  CONSIDEHATIUNS 

Besides  the  known  constituents  of  water, 
we  have  considered  also  some  that  It  would 
be  plausible  to  expect  to  be  present,  even 
though  they  have  not  yet  been  Identified. 
(Certain  pesticides  used  In  large  quantities 
fall  Into  this  category.) 

In  our  review  of  water  constituents,  we 
have  attempted  to  take  Into  account  not  only 
their  Identities,  concentrations,  and  toxicl- 
tles.  but  also  have  considered  other  ques¬ 
tions,  such  as: 

1.  What  reason  is  there  for  concern  about 
the  material?  What  risks  are  associated  with 
Its  presence  In  water? 

2.  How  does  the  material  get  Into  water? 

3.  What  sources  are  there  other  than  water? 

4.  What  contaminants  need  to  be  con¬ 
trolled? 

5.  Are  there  special  places  or  persons  at 
higher  than  average  risk? 

6.  Are  there  essential  health  requirements 
for  this  material?  (See  particularly  the  dis¬ 
cussion  of  Inorganic  solutes.) 

7.  In  view  of  the  data  at  hand,  can  one 
say  that  this  Is  a  material  that  causes  tempo¬ 
rary  111  effects?  permanent  111  effects?  re¬ 
versible  effects? 

8.  In  view  of  these  effects — and  their 
reversibility  (or  lack  of  It) — Is  It  possible 
to  set  "no-observed-adverse-health-effects” 
levels? 

9.  For  materials  with  special  health  bene¬ 
fits,  what  concentrations  will  maximize  the.se 
benefits,  while  keeping  the  health  risk,  as¬ 
sociated  with  them  at  an  acceptably  low 
level? 

10.  What  additional  Information  Is  re¬ 
quired  to  resolve  the  outstanding  problems? 

Many  of  the  constituents  of  drinking  water 
occur  naturally,  and  enter  water  from  the 
rocks  and  the  soil  and  the  air.  Some  are  the 
natural  waste  products  of  men  or  animals. 
Others  are  artificial  or  synthetic  materials, 
made  and  used  for  special  purposes,  that  In¬ 
advertently  find  their  way  Into  water  Tet 
others  occur  naturally,  but  have  become 
more  widely  distributed  In  populated  areas 
as  a  result  of  Industrial  and  agricultural 
activity. 

WATER  CONSUMPTION 

In  this  study,  the  average  amount  of  water 
consumed  per  person  Is  assumed  to  be  two 
liters  per  day.  This  Is  also  the  amount  used 
by  the  EPA  to  calculate  the  current  Interim 
standards.  Dally  consumption  of  water  Is  a 
function  of  temperature,  humidity,  phjrsical 
activity,  and  other  factors  that  vary  widely. 
Although  average  water  consumption  per 
capita  may  be  estimated  from  the  literature 
on  human  physiology  and  nutrition  to  be 
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about  1.6  llters/day,  the  larger  Tolume  of  S 
Iltep  day  was  adopted  as  representing  the 
Intake  of  the  majority  of  water  oonsumere. 
We  estimate  that  most  of  those  who  oon* 
sume  volumes  larger  than  2  Uters/day  still 
are  afforded  adequate  protection  because  the 
margin  of  safety  estimated  for  the  contami¬ 
nants  Is  sufficient  to  offset  the  Increased 
water  consumption.  Nevertheless,  considera¬ 
tion  should  be  given  to  establishing  some 
standards  on  a  regional  or  occupational  basis 
to  take  extremes  of  water  consumption  into 
account. 

SraCIAL  CASES 

Groups  of  people  who  may  be  more  sus¬ 
ceptible  than  average  for  the  whole  popula¬ 
tion  are  considered  in  connection  with  the 
particular  contaminants  to  which  they  are 
sensitive. 

This  report  is  concerned  only  with  water 
that  is  used  for  drinking.  Although  all  con¬ 
taminants  may  cause  problems  when  present 
in  water  used  in  health  care  facilities,  the 
health  hazards  associated  with  such  diverse 
uses  of  water  as  in  humidifiers,  kidney  di¬ 
alysis  units,  laundries,  heating  and  cooling 
equipment,  or  many  special  use§  that  re¬ 
quire  further  treatment  of  tap  water,  have 
not  been  considered. 

Findings  or  the  Studt 

SAFETY  AND  EXTRAPOLATION 

The  hazards  of  ingesting  chemical  pollut¬ 
ants  in  drinking  water  can  be  assessed  In  two 
general  ways:  With  epidemiological  studies 
and  with  laboratory  studies  of  toxicity,  llie 
aim  of  both  types  is  to  provide  Information 
on  the  risk  to  man. 

Most  of  the  current  knowledge  of  toxicity 
Is  based  on  observations  of  the  effects  on 
man  and  animals  of  doses  smd  dose  rates 
that  are  much  larger  than  those  that  corre¬ 
spond  to  the  usual  concentrations  of  liarm- 
ful  materials  In  drinking  water.  There  Is, 
consequently,  great  uncertainty  In  estimat¬ 
ing  the  magnitude  of  the  risk  to  health  that 
Ingestion  of  contaminants  In  water  may  pro¬ 
duce.  An  additional  problem  Is  presented  by 
the  combined  effects  of  two  or  more  contam¬ 
inants. 

The  theoretical  and  experimental  bases  for 
extrapolating  estimations  of  risk  to  low  levels 
of  dose  have  been  reviewed.  Some  principles 
are  proposed  to  gpiide  the  conduct  of  this 
and  similar  studies. 

Large  populations  are  exposed  repeatedly, 
over  long  periods  of  time,  to  minute 
amounts  of  potentially  toxic  contaminants 
In  drinking  water.  Delayed,  essentially  Irre¬ 
versible,  effects  can  occur.  Methods  and  cri¬ 
teria  of  classical  conventional  toxicology  do 
not  always  provide  reliable  means  for  assess¬ 
ing  long-term  toxic  effects  such  as  carcino¬ 
genesis.  Extrapolation  from  animal  data  to 
man  Is  uncertain:  hence,  novel  considera¬ 
tions  have  to  be  iqiplled  to  assess,  risk. 

The  insidious  effects  of  chronic  exposure 
to  low  doses  of  toxic  agents  are  difficult  to 
recognize,  because  there  are  few.  If  any, 
early  warning  signs  and,  when  signs  are 
ultimately  observed,  they  often  Imply  Ir¬ 
reversible  effects.  For  example,  cancer  In¬ 
duction  in  experimental  animals,  even  with 
the  most  potent  carcinogenic  chemicals,  re¬ 
quires  at  least  several  months  and  in  many 
Instances  a  whole  lifetime.  There  are  at 
present  no  easy,  straightforward  methods  for 
extrapolating  even  chronic  exposure  experi¬ 
mental  data  to  calculate  risks  to  large  hu¬ 
man  populations.  Teratogmic  effects  are 
easier  to  establish  by  animal  experimenta¬ 
tion,  but  there  are  similar  uncertainties  In 
extrapolating  to  human  populations.  Muta¬ 
genic  effects  are  difficult  to  assess  experi¬ 
mentally  In  mammals,  and  such  effects  are 
particularly  Insidious,  In  that  they  appear 
only  In  later  genwatlons. 


Various  measures  used  In  assessing  acute 
toxicity — such  as  LDy,  LD^,,,  and  maximal 
tolerated  dose — are  generally  found  to  be 
quantitatively  similar  In  most  animals.  On 
the  basis  of  dose  per  unit  of  body  surface, 
toxic  effects  In  man  are  In  the  same  range 
as  those  In  experimental  animals,  such  as 
mouse,  rat,  hamster,  dog,  and  monkey.  On 
a  body-weight  basis,  man  is  generally  more 
vulnerable  than  the  experimental  animal, 
probably  by  a  factor  of  6-12.  Comparative 
studies  have  shown  generally  that  the  ab¬ 
sorption.  metabolism,  and  excretion  of  vari¬ 
ous  drugs  are  slower,  dose  for  dose,  in  man: 
that  there  Is  greater  retention  of  such  drugs; 
and  that  higher  concentrations  occur  in  body 
fiuids  and  tissues  in  man  than  in  small  mam¬ 
mals.  With  an  awarenes.s  of  these  quantita¬ 
tive  differences,  appropriate  safety  factors 
can  be  applied  to  calculate  relatively  safe 
therapeutic  dosages  for  man.  These  methods 
and  principles  of  classical  toxicology  are  use¬ 
ful  for  assessing  toxic  effects  that  are  re¬ 
versible  and  that  are  not  progressive.  They 
are  much  less  useful  in  dealing  with  all  of 
the  problems  of  chronic  Irreversible  toxicity 
or  the  effects  of  long-term  exposure.  This 
subject  has  not  been  considered  widely  In 
the  past. 

From  the  review  of  available  information, 
two  major  questions  emerge:  “What  types 
of  experimental  assay  procedures  are  re¬ 
quired  for  a  valid  assessment  of  chronic 
toxicity  of  chemicals  in  experimental  ani¬ 
mals?"  “How  can  such  data  be  extrapolated 
to  estimate  risks  in  humans?”  In  dealing 
with  these  questions,  our  recommendations 
are  restricted  to  a.speclfic  risk — namely,  can¬ 
cer — with  the  understanding  that  the  same 
considerations  will  apply,  at  least  partially, 
to  the  problems  of  mutagenesis  and  terato- 
genesis.  Furthermore,  we  consider  only 
carcinogens  whose  mechantsms  involve 
somatic  mutations. 

Some  principles  that  underlie  efforts  to 
as.sess  the  Irreversible  effects  of  long-con¬ 
tinued  exposure  to  carcinogenic  substances 
at  low  dose  rates  are  outlined  below. 

PRINCIPLE  I 

Effects  in  animals,  properly  qualified,  are 
applicable  to  man.  This  premise  underlies 
all  of  experimental  biology  and  medicine: 
But,  because  it  Is  continually  questioned 
with  regard  to  human  cancer,  it  is  desirable 
to  point  out  that  cancer  In  men  and  ani¬ 
mals  Is  strikingly  similar.  Virtually  every 
form  of  human  cancer  has  an  experimental 
counterpart:  and  every  form  of  multicellular 
organism  Is  subject  to  cancer.  Including  In¬ 
sects,  fish,  and  plants.  Although  there  are 
differences  In  susceptibility  between  differ¬ 
ent  animal  species,  between  different  strains 
of  the  same  species,  and  between  Individuals 
of  the  same  strain,  carcinogenic  chemicals 
will  affect  most  test  species;  also  large  bodies 
of  experimental  data  Indicate  that  many 
chemicals  that  are  carcinogenic  to  animals 
are  likely  to  be  carclnog;enlc  to  man,  and 
vice  versa. 

Evidence  that  circumstances  leading  to 
cancer  Induction  In  humans  are  also  ap¬ 
plicable  to  exp>erlmental  animals  stems  from 
the  very  first  observation  of  chemical  car¬ 
cinogenesis — the  appearance  of  cancer  of  the 
scrotum  in  chimney  sweeps,  observed  by  the 
British  surgeon,  Perclval  Pott,  In  1776.  It  was 
not  until  modern  times  that  a  substance 
Implicated  in  human  cancer  was  found  to 
be  carcinogenic  in  animals:  When  Japanese 
scientists  found  In  1916  that  extracts  from 
coal  tar  cause  cancer  when  iqiplled  to  the 
skin  of  experimental  animals.  Many  pure 
carcinogenic  chemicals  have  since  been  iso¬ 
lated  from  a  wide  variety  of  “tars”  derived 
from  incomplete  combustion  of  organic  mat¬ 
ter,  such  as  coal,  wood,  and  tobacco.  There  Is 
little  doubt  that  these  and  other  chemicals. 


alone  or  in  combination,  are  responsible  for 
the  greatly  increased  Incidence  of  lung  can¬ 
cer  among  smokers.  With  the  possible  excep¬ 
tion  of  arsenic  and  benzene,  all  known  car¬ 
cinogens  in  man  are  also  carcinogenic  In 
some  species,  although  not  In  all  that  have 
been  tested.  However,  all  carcinogens  in  ani¬ 
mals  are  not  known  to  cause  cancer  in  hu¬ 
mans. 

PRINCIPLE  3 

Methods  do  not  note  exist  to  establish  a 
threshold  lor  long-term  effects  of  toxic 
agents.  With  respect  to  carcinogenesis.  It 
seems  plausible  at  first  thought,  and  It  has 
often  been  argued,  that  a  threshold  must 
exist,  below  which  even  the  most  toxic  sub¬ 
stance  would  be  harmless.  Unfortunately,  a 
threshold  cannot  be  established  experimen¬ 
tally  that  can  be  applied  to  a  total  popula¬ 
tion.  A  time-honored  practice  of  classical 
toxicology  is  to  establish  maximal  tolerated 
(no-effect)  doses  in  humans  on  the  basis  of 
finding  a  no-observed-adverse-effect  dose  In 
chronic  experiments  In  animals  and  to  divide 
this  dose  by  a  “safety  factor"  of,  say,  100, 
to  designate  a  “safe"  dose  in  humans.  There 
Is  no  scientific  basis  for  such  estimations  of 
safe  doses  in  connection  with  carcinogenic 
effects.  For  example,  even  If  no  tumors  are 
obtained  In  an  assay  of  100  animals,  this 
means  only  that  at  a  95  percent  confidence 
level  the  true  incidence  of  cancer  In  this 
group  of  animals  la  less  than  3  percent.  Even 
if  we  were  to  use  1,0(X)  animals  for  assay,  and 
no  tumors  appeared,  we  could  only  be  95 
percent  sure  that  the  true  incidence  was  less 
than  0.3  percent.  Obviously,  0.3  percent  la  a 
very  high  risk  fix'  a  large  human  population. 

In  fact,  there  are  no  valid  reasons  to  as¬ 
sume  that  false-negative  tesults  of  carcino¬ 
genicity  tests  are  much  less  frequent  than 
false-positive  ones.  To  dismiss  all  compounds 
that  did  not  Induce  tumors  In  one  or  two 
mouse  and  rat  experiments  as  noncarcino- 
genic  is  wrong.  Labeling  as  “carcinogens”  all 
substances  that  gave  rise  to  increased  Inci¬ 
dence  of  tumors  is  Justified  only  If  there  Is 
also  evidence  of  a  causal  relationship.  The 
“relative  risk"  of  compounds  that  are  not 
found  to  induce  tumors  in  animal  experi¬ 
ments  must  also  be  considered.  But  this 
requires  evaluation  of  data  other  than  those 
collected  in  chronic  toxicity  studies  on  ro¬ 
dents. 

Experimental  bloassays  in  which  even 
relatively  large  numbers  of  animals  are  used 
are  likely  to  detect  only  strong  carclnogena. 
Even  when  negative  results  are  obtained  in 
such  bloassays.  It  is  not  certain  that  the 
agent  tested  Is  unequivocally  safe  for  man. 
Therefore,  we  must  accept  and  use  possibly 
fallible  measures  of  estimating  hazard  to 
man.  This  reasoning  leads  us  to  the  state¬ 
ment  of  Principles  3  and  4. 

PRINCIPLE  3 

The  exposure  of  experimental  animals  to 
toxic  agents  in  high  doses  is  a  necessary  and 
valid  method  of  discovering  possible  car¬ 
cinogenic  hazards  in  man.  The  most  com¬ 
monly  expressed  objection  to  regulatory 
decisions  based  on  carcinogenesis  observed 
in  animal  experiments  Is  that  the  high 
dosages  to  which  animals  are  exposed  have 
no  relevance  In  assessment  of  human  risks. 
It  Is  therefore  Important  to  clarify  this  cru¬ 
cial  issue. 

'  Practical  considerations  in  the  design  of 
experimental  model  systems  require  that  the 
number  of  animals  used  In  experiments  on 
long-term  exposure  to  toxic  materials  will 
always  be  small  compared  with  the  size  of 
the  human  populations  similarly  at  risk.  To 
obtain  statistically  valid  results  from  such 
small  groups  of  animals  requires  the  use  of 
relatively  large  doses  so  that  the  effect  will 
occur  frequently  enough  to  be  detected.  For 
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example,  an  Incidence  as  low  as  0.01  percent 
would  represent  20,000  people  in  a  popula¬ 
tion  of  200  million  and  would  be  considered 
unacceptably  high,  even  If  benefits  were 
sizable.  To  detect  such  a  low  incidence  in  ex¬ 
perimental  animals  directly  would  require 
hundreds  of  thousands  of  anlnuils.  For  this 
reason,  we  have  no  choice  but  to  give  large 
doses  to  relatively  small  experimental  groups 
and  then  to  use  biologically  reasonable 
models  in  extrapolating  the  results  to  es¬ 
timate  risk  at  low  doses.  Several  methods 
for  making  such  calculations  have  been  con¬ 
sidered  and  used,  but  we  think  that  the  best 
method  available  to  us  today  Is  to  assume 
that  there  Is  no  threshold  and  that  a  direct 
proportionality  exists  between  the  size  of 
the  dose  and  the  incidence  of  tumors.  How¬ 
ever,  it  Is  Important  to  recognize  that  such 
a  calculation  may  give  either  too  small  or 
too  large  an  estimate  of  risk.  The  actual  risk 
to  humans  might  be  even  greater  over  a  hu¬ 
man  lifetime,  because  It  Is  about  36  times 
that  of  a  mouse;  and  there  Is  evidence  that 
the  risk  of  cancer  Increases  rapidly  with 
the  length  of  exposure.  Moreover,  experi¬ 
mental  assays  are  conducted  under  con¬ 
trolled  dietary  and  environmental  condi¬ 
tions  with  genetically  homogeneous  animals, 
whereas  humans  live  under  diverse  condi¬ 
tions.  are  genetically  heterogeneous,  and  are 
likely  to  Include  subpopulatlons  of  unusual 
susceptibility. 

It  should  be  emphasized  that  these  gen¬ 
eral  considerations  give  only  a  minimal  esti¬ 
mate  of  human  risk;  moreover,  they  do  not 
take  Into  consideration  differences  In  sus¬ 
ceptibility  between  species.  For  example, 
beta-naphthylamlne  Is  well  established  as  a 
human  carcinogen  on  the  buls  of  epidemio¬ 
logical  studies  of  occupationally  exposed 
workers,  whereas  experiments  have  not 
shown  It  to  be  carcinogenic,  for  example.  In 
the  hamster,  which  Is  relatively  resistant. 

Not  all  substances  that  cause  a  given  In¬ 
cidence  of  cancer  In  experimental  animals  are 
equally  carcinogenic  for  man.  This  means 
that  results  of  studies  of  chronic  toxicity, 
which  are  Imperfect  assay  systems  for  car¬ 
cinogenicity  testing,  should  not  be  used  as 
the  sole  criteria  In  the  assessment  of  risk. 

PRINCIPLE  4 

Material  should  be  assessed  in  terms  of 
human  risk,  rather  than  as  "safe"  or  "«n- 
safe.”  The  limitations  of  the  current  experi¬ 
mental  techniques  do  not  allow  us  to  estab¬ 
lish  safe  doses,  but  with  the  help  of  statistical 
methods  we  may  be  able  to  estimate  an  up¬ 
per  limit  of  the  risk  to  human  populations. 
To  calculate  such  a  risk,  we  need  data  to 
estimate  population  exposure:  a  valid,  ac¬ 
curate,  precise,  and  reproducible  assay  pro¬ 
cedure  In  animals;  and  appropriate  statistical 
methods.  Several  general  guidelines  may  be 
presented.  First,  no  rigid,  generally  applicable 
procedure  can  be  recommended  for  testing 
all  toxic  agents.  Substances  differ  too  much 
In  their  overall  effects,  and  It  will  ultimately 
have  to  be  left  to  the  well-informed  Judg¬ 
ment  of  expert  Investigators  to  design  ap¬ 
propriate  assays.  If  substances  that  affect 
large  populations  are  found  to  be  carcino¬ 
genic,  experiments  of  much  wider  scope  may 
have  to  be  conducted,  to  obtain  more  de¬ 
tailed  Information  on  their  possible  effects 
In  humans.  As  a  pragmatic  guideline.  It 
would  be  desirable  to  test  a  compound  for 
carcinogenicity  In  at  least  two  species,  such 
as  the  mouse  and  the  rat,  and  the  strains  of 
animals  used  should  have  a  rather  low  Inci¬ 
dence  of  spontaneous  tumors  under  the  con¬ 
ditions  of  the  test.  It  Is  Important  to  In¬ 
clude  "positive’*  controls,  with  known  car¬ 
cinogens,  imder  the  same  conditions  used 
for  the  test  animals.  This  has  been  a  point 
of  considerable  controversy. 


Experiments  should  be  conducted  over  as 
much  as  possible  of  the  lifetime  of  the  ex¬ 
perimental  animal.  The  highest  dose  should 
be  the  maximum  that  Is  tolerated  without 
shortening  the  lifespan  through  causes 
other  than  cancer.  Every  animal,  whether  It 
dies  during  the  exposure  period  or  Is  sacri¬ 
ficed  at  the  end  of  the  experiment,  should  be 
examined  grossly  and  microscopically,  and 
all  toxic  effects  (not  only  cancer)  should  be 
noted. 

Risk  constitutes  but  half  the  essential 
comparison  that  should  be  made  In  the 
assessments  of  human  hazard;  the  .other  half 
Is  benefit  to  the  exposed  population  of  the 
agent  whose  hazard  has  been  Identified.  Deci¬ 
sions  cannot  Involve  merely  the  risk.  But  the 
acceptability  of  risk  should  depend  on  the 
specific  benefits  derived,  the  nature  of  the 
population  exposed,  and  the  availability  of 
practical  alternatives. 

It  is  not  possible  to  guarantee  a  risk-free 
society;  nor  Is  a  risk-free  society  necessarily 
the  most  desirable  society.  It  Is  often  neces¬ 
sary  to  accept  the  risks  of  chemicals — such 
as  drugs  and  pesticides — when  the  benefits 
warrant  their  use.  Risks  Imposed  on  persons 
who-galn  no  benefits  are  generally  not  accept¬ 
able.  Personal  choice  and  personal  values 
enter  Into  the  risk -benefit  comparison.  For 
major  benefits— rfor  example.  In  the  treat¬ 
ment  of  otherwise  Incurable  or  Incapacitat¬ 
ing  diseases — much  higher  risks  are  allowable 
than  otherwise.  An  Important  principle  In 
risk-benefit  assessment  Is  that  each  person 
must  be  cdlowed  the  widest  possible  choice, 
supported  by  full  Information  on  risks,  as 
well  as  benefits,  so  that  Intelligent  choices 
may  be  made. 

The  benefit  portion  of  the  equation  should 
be  well  defined  by  knowledgeable  experts  and 
based  on  data  at  least  as  good  as  the  risk 
data.  It  Is  Important,  therefore,  that  the  ben¬ 
efit-risk  comparisons  be  established  with  the 
active  cooperation  of  those  who  are  qualified 
to  assess  the  usefulness  of  a  substance  and 
the  consequences  to  those  In  need  of  It,  as 
well  as  to  the  population  at  large. 

Finally,  mankind  Is  already  exposed  to 
many  carcinogens  whose  presence  In  the  en¬ 
vironment  cannot  easily  be  controlled.  In 
view  of  the  nature  of  cancer,  the  long  latent 
period  of  Its  development,  and  the  Irreversi¬ 
bility  of  chemical  carcinogenesis,  it  would  be 
highly  Improper  to  expose  the  general  popu¬ 
lation  to  an  Increased  risk  If  the  benefits  were 
small  OT  questionable,  or  were  restricted  to 
limited  segments  of  the  population. 

ESTIMATION  OF  RISK 

Chronic  low-dose-rate  toxicity  was  assessed 
quantitatively  by  different  procedures,  the 
method  chosen  depending  on  the  character 
of  the  experimental  evidence  and  whether 
the  substance  In  question  was  Judged  to  be 
carcinogenic  or  not. 

Assessments  of  the  toxicity  of  noncarclno- 
genlc  substances  are  described  in  the  sec¬ 
tions  on  Inorganic  Solutes  and  Organic  Sol¬ 
utes.  These  are  expressed  as  estimates  of 
maximal  "no-observed-adverse-effect”  con¬ 
centrations  In  water,  and  are  based  on  the 
assumption  that,  for  these  noncarclnogenlc 
materials,  there  are  threshold  doses  below 
which  no  adverse  effects  on  health  are  likely 
to  occur. 

Risks  of  exposure  to  radionuclides  and  car¬ 
cinogenic  organic  compounds  were  estimated 
by  methods  that  Involve  an  assumption  that 
there  are  no  thresholds  In  the  dose-response 
mlatlonshlps.  In  the  case  of  radionuclides, 
the  estimates  were  based,  in  large  measure, 
on  the  report  of  the  Advisory  Committee  on' 
the  Biological  Effects  ot  Ionizing  Radiation 
(National  Academy  of  Sclences-Natlonal  Re¬ 
search  Council,  1973):  the  method  used  for 
organic  compounds  is  described  below. 

In  the  case  of  organic  compounds  that 
were  Identified  as  carcinogens,  the  risk  to 


man  was  expres.<-ed  as  the  probability  that 
cancer  would  be  produced  by  continued  dally 
Ingestion,  over  a  70  y  lifetime,  of  1  liter  of 
water  containing  a  standard  quantity  (1  Mg/ 
liter)  of  the  substance  In  question.  Estimates 
expressed  in  this  form  may  then  be  used  to 
calculate  risk  due  to  the  concentrations 
actually  found  In  drinking  water. 

To  make  such  estimates  from  the  results  of 
animal  feeding  studies  two  steps  are  neces¬ 
sary.  The  first  Involves  conversion  of  the 
standard  human  dose  to  the  physiologically 
equivalent  dose  In  the  animal,  and  this  was 
performed  on  the  basis  of  relative  surface 
area.  The  second  step  requires  use  of  a  risk 
model  relating  dose  to  effect.  The  model  used 
for  this  purpose  Is 

P(d)  =  l-e-(Xo-f  X]// f  X,r/*) 

where  P(d)  Is  the  lifetime  probability  that 
doae  d( total  dally  Intake)  will  produce  can¬ 
cer, 

K  =  the  number  of  events  In  the  carcino¬ 
genic  process 

and  X,,  X,— etc.,  are  nonnegative  param¬ 
eters.  At  low  doses,  the  higher  order  terms 
In  d‘,  d>,  etc.  may  be  neglected  and 

— 1 — c — (Xo-j- Xj/i)  r- ,\fl  4  X|ri 

X„  representing  the  background  rate.  When 
two  or  more  sets  of  results  of  lifetime  ani¬ 
mal  feeding  studies  were  available,  experi¬ 
mental  values  of  P(d),  the  fraction  of  test 
animals  developing  cancer,  and  d,  the  total 
dally  dose,  were  fitted  to  the  equation  to 
determine  how  many  of  the  terms  X„,  X  d. 
Xjd>,  etc.  were  necessary  to  give  the 
best  fit.  Corresponding  values  of  X„,  X,,  or 
Xg,  Xj  and  X,,  etc.  were  used  to  calculate 
P(d)  for  the  low  dose  of  interest,  namely  the 
animal  dose  that  was  physiologically  equi¬ 
valent  to  the  standard  dose  for  man.  If  the 
animal  experiments  Involved  only  one  dose 
level,  the  X,  d  term,  alone,  was  used  in  the 
calculation.  Upper  confidence  limits  on  the 
estimated  low-dose  risk  were  als(  calculated 
by  use  of  maximum-likelihood  theory,  and 
these  values  were  tabulated. 

Since  the  animal  data  were  obtained  from 
lifetime  feeding  studies,  the  risk  estimate- 
calculated  from  them  for  the  low  doses  that 
were  estimated  to  be  physiologically  equi¬ 
valent  to  the  human  dose,  were  taken  to 
represent  the  lifetime  risks  for  man.  The 
background  rate,  obtained  from  the  cancer 
Incidence  In  the  contsol  groups  of  experi¬ 
mental  animals  and  represented  by  the  para¬ 
meter  Xg,  was  excluded  from  the  tabulated 
values  of  P(d).  which  therefore  represent 
the  Incremental  risks  due  to  Ingestion  of 
the  compounds  In  water. 

RECOMMENDATIONS  FOR  RESEARCH 

A  research  program  should  Include  the 
following: 

1.  Studies  of  the  physiological  and  bio¬ 
chemical  mechanisms  by  which  the  toxic 
substances  In  water  produce  their  effects. 

2.  Development  of  rapid,  inexpensive,  and 
precise  tests  to  Identify  substances  that  may 
produce  Important  toxic  effects  at  low  doses 
and  dose  rates. 

3.  Epidemiological  studies  of  chronic  dis¬ 
ease. 

4.  Research  on  statistical  methods  and 
analytical  models  for  describing  and  esti¬ 
mating  the  effects  of  long  exposure  to  low 
doses  of  toxic  substances.  Studies  should  not 
be  limited  to  carcinogenesis  and  should  con¬ 
sider,  also,  differences  between  species,  and 
particularly  sensitive  subgroups  In  the 
population. 

MICROBIOLOGY  OF  DRINKING  WATER 

Outbreaks  of  waterborne  disease  are  re¬ 
ported  to  the  National  Center  for  Disease 
Control  (CDC)  of  the  UnMed  States  Public 
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Heftltb  Service  by  state  health  departments. 
In  addition,  EPA  obtains  Information  about 
outbreaks  from  state  water  supply  agencies. 
Data  on  waterborne  outbreaks  have  limita¬ 
tions  and  mtist  be  Interpreted  with  caution. 
They  represent  only  a  small  part  of  a  largo- 
public  health  problem.  The  number  and  kind 
of  reported  outbreaks  may  depend  upon  the 
Interest  or  cs^Mibllltles  of  a  particular  state 
health  department  or  Individual.  They  do  not 
provide  the  true  number  of  outbreaks,  cases 
or  causes  of  disease  associated  with  drinking 
water. 

No  law  or  regulation  requires  state  author¬ 
ities  to  report  all  cases  of  gastroenteritis  to 
CE>C,  and.  In  fact,  many  small  outbreaks  are 
not  reported  to  state  departments  of  health. 
Moreover,  etlologlc  agents  are  seldom  Identi¬ 
fied,  even  In  the  cases  that  are  reported. 
There  are  reasons  to  believe  that  most  out¬ 
breaks  of  waterborne  disease  are  of  micro¬ 
biological  origin.  Yet  the  accuracy  of  epidemi¬ 
ological  studies  Is  limited  by  underreptK-tlng 
and  diagnostic  uncertainties. 

The  microbiological  contaminants  selected 
for  consideration  are  those  for  which  there  Is 
epidemiological  or  clinical  evidence  of  trans¬ 
mission  by  drinking  water.  These  include  a 
variety  of  bacteria,  viruses,  and  protozoa. 
Methods  of  detecting  these  contaminants  In 
drinking  water  are  reviewed,  together  with 
the  determination  of  permissible  levels.  Be¬ 
cause  current  drinking  water  standards  place 
majc»^  emphasis  on  detection  of  microbio¬ 
logical  contaminants,  considerable  attention 
Is  devoted  to  the  validity  and  health  signif¬ 
icance  of  microbiological  standards. 

Effective  water  treatment  systenos  In  the 
United  States  have  had  a  noajor  Impact  on 
the  reduction  of  waterborne  Infectious  dis¬ 
eases  during  this  century.  However,  water¬ 
borne  disease  outbreaks  continue  to  occur.  In 
1975,  24  outbreaks  Involving  10,879  cases  were 
reported  to  the  CDC,  but  no  deaths.  Acute 
gastrointestinal  Illness  accounted  for  about 
90  percent  of  the  cases. 

In  1971-1974.  deficiencies  In  treatment, 
such  as  Inadequate  or  Interrupted  chlorina¬ 
tion,  and  contamination  ot  ground  water, 
were  responsible  for  a  majority  (66  percent) 
of  the  waterborne  disease  outbreaks.  In  1975 
treatment  deficiencies  were  responsible  for 
most  outbreaks.  However,  deficiencies  In  the 
distribution  systems  were  responsible  for 
most  cases. 

Control  of  waterborne  epidemics  depends 
largely  upon  the  control  of  Infectious  en¬ 
teric  diseases.  Much*  of  the  success  In  this 
regard  can  be  attributed  directly  to  the  use 
of  chlorine  as  a  disinfectant.  The  use  of 
chlorine  in  water  treatment  may  result  In 
the  formation  of  compounds  that  are  known 
carcinogens  for  animals  and  suspected  car¬ 
cinogens  for  humans,  but  the  benefits  gained 
are  very  great. 

Several  substitutes  for  chlm-ine  have  been 
suggested  (e.g..  ozone,  chlorine  dioxide, 
bromine  and  Iodine)  but  much  more  research 
is  required  before  any  of  them  can  be  rec¬ 
ommended  as  a  sole  substitute  for  chlorine 
In  water  treatment.  Questions  concerning 
disinfection  effectiveness,  toxicity  of  by¬ 
products,  and  residual  In  the  distribution  sys¬ 
tem  must  be  answered  for  proposed  substl-* 
tutes  as  well  as  fm-  chlorine.  It  may  be  pos¬ 
sible  to  reduce  the  ooncentratlons  ot  un¬ 
desirable  organic  by-products  of  chlorina¬ 
tion,  without  compromising  disinfection,  by 
Changing  the  sequence  or  rate  of  chlorine  ad¬ 
dition  In  relatlmi  to  other  steps  In  water 
treatment.  Use  of  other  oxidizing  agents  be¬ 
fore  chlorination  may  also  help  to  modify 
organic  matter  before  significant  amounts  of 
chlorinated  derivatives  can  be  formed. 

BACmiA 

Bacteriological  testing  and  observance  of 
bacteriological  standards  are  adjnneta  to, 
not  substitutes  for.  good-quality  iww  water. 


proper  water  treatment,  and  Integrity  ot  the 
distribution  system.  Application  of  the  prev¬ 
ent  conform  standards  appears  adequate  ta 
protect  public  health  when  raw  water  ts 
obtained  from  a  protected  souros.  Is  appro¬ 
priate  treated,  and  Is  distributed  In  a  ooo- 
tamlnatlon-free  system. 

Current  c<Mlform  standards  are  not  satle- 
factory  for  water  reclaimed  directly  from 
wastewater.  Meeting  current  c<dlform  stand¬ 
ards  for  water  reclaimed  directly  from  waste 
water,  or  for  water  containing  several  percent 
of  fresh  sewage  effluent.  Is  Insulflclent  to  pro¬ 
tect  public  health.  For  sxich  raw  water  sup¬ 
plies,  new  microbiological  standards  shotUd 
be  developed  and  applied  as  supplementary  to 
conform  standards. 

The  standard  plate  count  Is  not  a  substi¬ 
tute  for  totfU  collfcMm  measurements  ot  ths 
sanitary  quality  of  potable  water.  It  Is,  how¬ 
ever,  a  valuable  procedure  for  assessing  the 
bacterial  quality  oi  drinking  water.  Ideally, 
standard  plate  ooimts  (SPC)  riiould  be  per- 
fcsmed  on  samples  taken  thrraghout  the  sys¬ 
tems.  The  SPC  has  major  health  signlficancs 
for  surface-water  systems  that  do  not  use 
sedlmentatlcm-fiuocculatlon-filtratton  and 
chlorination,  and  for  those  ground-water 
systems  and  do  not  Include  chlorination. 

A  research  program  Is  needed  to  increase 
the  value  of  the  relatlvriy  simple  bacteriol¬ 
ogical  tests  In  controlling  the  sanitary  quality 
of  drinklpg  water.  The  program  should  In¬ 
clude: 

1.  Epidemiological  studies  of  water  quality 
and  health,  with  application  of  more  senslOvs 
methods  for  detecting  pathogens  In  drinking 
water  and  better  reporting  of  outbreaks  of 
waterborne  disease. 

2.  Development  of  membrane-filtration 
methods  to  allow  testing  of  larger  samples 
and  to  reduce  Interference  by  overgrowth  And 
disinfectants. 

3.  Improvement  of  procedures  for  mA.iring 
total-plate-counts  and  study  of  the  uttUty  of 
such  tests  for  aaseaslng  the  hecUth  hazards  of 
drinking  water. 

4.  Research  on  more  rapid  and  sensiUvs 
methods  for  detecting  pathogens  and  the  use 
of  such  methods  for  monitoring  the  quality  of 
water. 

VIRUSKS 

nie  bacteriological  monitoring  methods 
currently  prescribed  (conform  count,  stand¬ 
ard  plate  count)  ar  the  best  blologlcfa  Indi¬ 
cators  now  available  tar  routine  use  In  deter¬ 
mining  the  probable  levels  of  virus  In  drink¬ 
ing  water.  The  strictest  ctirrent  standards  of 
water  treatment,  diligently  applied,  can  pro¬ 
vide  a  high  degree  of  assurance  that  viruses 
Injurious  to  human  health  are  not  likely  to 
be  present  In  finished  drinking  water. 

Because  knowledge  of  the  scale  of  potential 
viral  contaminatlcm  Is  scanty,  and  because 
there  is  no  rigorous  basis  for  establishing  a 
harmless  levri  of  viral  concentration  In 
water,  research  on  the  problems  of  viral  con¬ 
tamination  should  be  strongly  supported.  In 
particular,  the  following  subjects  deserve 
special  attention: 

1.  Methods  for  testing  drinking  water  for 
viral  contamination. 

2.  Methods  for  recovery.  Isolation,  and 
enumeration  of  vlnises  (especially  hepatitis 
A). 

3.  Specific  etiology  of  viral  gastroenteritis. 

4.  Methods  for  evaluating  and  improving 
effectiveness  of  present  water  treatment  to 
remove  or  Inactivate'  viruses. 

5.  Determination  of  the  amounts  of  enterie 
viruses  that  must  be  Ingested  to  produce 
Infection  and  disease. 

PABASRXS 

The  most  Important  waterborne  parasitic 
diseases  In  the  United  States  are  amoeMaals 
and  glardlasiB.  Known  outbreaka  of  these 
diseases  have  resulted  from  sewage  contam¬ 


ination  In  distribution  systems,  and  from  In¬ 
adequately  treated  surface  waters. 

The  cysts  of  both  of  these  parasites  are 
more  resistant  to  chlorine  than  are  bacteria, 
but  fiocculatlon  and  filtration  can  remove 
them.  Nevertheless,  knowledge  of  the  vulner¬ 
ability  of  these  organisms  to  disinfection  la 
Incomplete,  and.  In  particular,  the  conditions 
necessary  for  destruction  of  glardla  cysts  re¬ 
quire  further  study.  The  same  considerations 
apply -to  a  few  other  parasitic  protozoa  that, 
although  rare,  have  been  identified  In  public 
water  systems. 

Metaaoan  parasites  (helminths,  nema¬ 
todes)  that  can  be  present  In  raw  water  will 
be  controlled  la  public  water  supplies  by 
well-regulated  fiocculatlon,  filtration,  and 
disinfection. 

TEBTINO 

A  deficiency  of  customary  biological  meth¬ 
ods  for  evaluating  the  bacteriological  quality 
of  water  la  that  results  from  tests  are  not 
known  until  after  the  water  sampled  has  al¬ 
ready  entered  the  distribution  system,  and 
been  used.  Sudden  Invasions  of  contamina¬ 
tion  are  unlikely  to  be  detected  promptly 
enough  to  prevent  exposure,  and  may  over¬ 
whelm  the  corrective  treatments.  Therefore, 
control  of  microbiological  quality  can  be 
more  readily  achieved  If  the  raw  water  sup¬ 
ply  Is  of  high  and  relatively  Invariant  quality. 

Nevertheless.  It  Is  essential  that  present 
methods  of  microbiological  testing  be  con¬ 
tinued  to  validate  the  effectiveness  of  dls- 
infectton  and  for  detecting  defects  within 
the  system. 

sous  PARTICLU  IN  SUSPENSION 

Materials  suspended  In  drinking  water  In¬ 
clude  Inorganic  and  organic  solids  as  finely 
divided  particles  of  sizes  ranging  from  col¬ 
loidal  dimensions  to  more  than  100  micro¬ 
meters.  Such  particles  may  also  have  other 
substances  and  mlcro-cs’ganlsms  attached  to 
them. 

Small  particles  of  some  materials,  such  as 
ths  asbestos  minerals,  may  have  the  poten¬ 
tial  to  affect  human  health  directly  when 
they  are  Ingested,  and  there  Is  widespread 
concern  over  the  biological  effects  of  such 
substances. 

Many  kinds  of  particles,  though  apparently 
harmless  In  themselves,  may  Indirectly  affect 
the  quality  of  water  by  acting  as  vehicles 
for  concentration,  transport,  and  release  of 
other  pollutants. 

Water  treatment  can  often  be  effective  In 
removing  most  of  the  suspended  particles 
but  conventional  methods  of  detecting  ths 
presence  ot  particulate  material  by  measure¬ 
ment  of  turbidity  have  serious  deficiencies. 

DIRXCr  EFFECTS  ON  HEALTH 

Particles  of  asbestos  and  other  fibrous  min¬ 
erals  occur  In  raw  water,  usuMly  In  a  range 
ot  sizes  from  fractions  of  a  micrometer  to  a 
few  micrometers.  Generally  there  are  fewer 
than  10  mmion  fibers  per  liter,  but  waters  are 
found  with  from  less  than  10,000  to  more  than 
100  million  fibers  per  liter.  Some  of  the  high¬ 
est  counts  have  been  found  near  some  cities. 
Fibers  In  drinking  water  are  typically  less 
than  1  mlcrmneter  long  and  fibers  longer 
than  3  micrometers  are  uncommon.  Identi¬ 
fication  and  counting  of  fibers  Is  difficult 
and  time-consuming,  usually  requiring  the 
transmission  electron  microscope.  The  im¬ 
ported  counts  are  highly  variable,  often  dif¬ 
fering  from  one  count  to  the  next  by  a  factor 
of  10  or  more. 

Epidemiological  studies  of  workers  exposed 
to  asbestos  by  Inhalation  have  shown  an 
Increase  in  death  rates  frcun  gastrointestinal 
cancer.  With  respiratory  exposure  It  Is  like¬ 
ly  that  more  fibers  are  swallowed  than  remain 
In  the  lungs.  The  workers  studied  were  ex¬ 
posed  to  asbestos  with  a  large  range  of  fiber 
lengths.  It  Is  not  clear  whether  fiber  length 
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Is  pMtlnent  to  tti*  deTolopment  ot  eanc«r 
In  tlM  dlgMtlTo  tract  In  humans. 

l^ldamlologlcal  studlM  ot  oancsr  death 
ratM  In  Duluth,  Minnesota,  where  the  water 
supply  has  been  contaminated  with  mineral 
fiber,  have  so  far  not  revealed  any  Increase 
of  gastrointestinal  cancer  with  time.  In  com. 
parlson  with  deiCth  rates  In  other  areas.  Con¬ 
tamination  of  the  Duluth  drinking  water 
began  leas  than  twenty  years  ago  however, 
and  since  many  cancers  have  long  latency 
periods,  these  negative  epidemiological  find¬ 
ings  do  not  exclude  the  possibility  that  an 
Increase  may  appear  within  the  next  five 
to  fifteen  years. 

Animal  deposition  model  studies  have 
shown  that  fiber  length  and  diameter  affect 
the  carcinogenic  response  seen,  the  long  thin 
fibers  appearing  to  be  the  active  ones.  How¬ 
ever,  the  relevance  of  these  experimental 
models  to  the  human  experience  Is  not  clear. 
While  some  animal  studies  have  slMiwn  pen¬ 
etration  of  the  gastrointestinal  epithelium, 
others  have  not. 

It  Is  not  known  whether  other  Inorganic 
partleulatee  that  occur  In  water  produce  any 
direct  effects  on  human  health. 

INDIRECT  BFrxCTS  ON  HEALTH 

The  concentration  of  Inorganic,  organic, 
and  biological  pollutants  Is  usually  much 
higher  In  the  suspended  solids  and  sediments 
of  streams  and  lakes  than  In  water.  Clay, 
organic,  and  chiefly  responsible  for  such  con¬ 
centrations.  Clay  and  organic  particulates 
have  large  surface  areas  and  strongly  adsorb 
Ions,  polar  and  nonpolar  molecules,  and  bio¬ 
logical  agents.  Occurrence  these  materials 
In  water  Is  a  consequence  of  natural  events, 
as  well  as  human  activity,  and  Is  conunon 
In  many  waters  that  people  drink.  Although 
many  of  the  clay  or  natural  organic  particu¬ 
lates,  In  themselves,  may  not  have  deleterious 
effects  when  Ingested  by  humans,  they  may 
exert  Important  health  effects  through  ad¬ 
sorption.  transport,  and  release  of  Imuganlc 
and  organic  toxicants,  bacteria,  and  viruses. 
The  clay  or  organic  complex  with  a  pollutant 
may  be  mobilized  by  erosion  from  the  land, 
or  complexes  may  form  when  eroded  particu¬ 
late  matter  enters  a  stream  containing  pol¬ 
lutants.  The  atmosphere  Is  also  an  important 
pathway.  In  the  adsorbed  state,  organic  and 
inorganic  toxicants  may  be  less  active;  how¬ 
ever,  the  possibility  exists  that  the  toxicants 
may  be  released  from  the  particulate  matter 
in  the  alimentary  tract  and  then  exert  toxic 
effects.  It  Is  not  clear  how  complexes  of  par¬ 
ticulate  matter  with  viruses  and  bacteria  be¬ 
have  In  the  gut.  It  la  known,  however,  that 
some  enzymes  retain  their  activity  when  ad¬ 
sorbed  on  clay,  and  that  viral-clay  particu¬ 
lates  are  Infectious  In  tissue  culture  and  In 
animal  hosts. 

TUBBIDITT  AS  AN  INDICATOR 

A  high  turbidity  measurement  Is  an  Indi¬ 
cation  that  a  water  may  produce  an  adverse 
health  effect;  however,  a  low  turbidity  meas¬ 
urement  does  not  guarantee  that  a  water  Is 
potable.  Turbidity  measurements  do  not  In¬ 
dicate  the  tirpe,  number,  or  mass  of  particles 
In  a  water  supply.  Where  particulates  in 
water  are  suspected  of  being  harmful,  the 
particulate  content  should  be  Identified  and 
counted  by  mcHW  specific  techniques.  Such 
techniques  may  Include  biological,  organic, 
inorganic,  and  fibrous-particulate  surveys. 

Turbidity  mecuBurements  are  valuable  for 
process  control  In  water-treatment  plants. 
However,  the  results  obtained  with  present 
mstruments,  procedures,  and  units  of  meas¬ 
urement  are  not  well  correlated  with  pfutlde 
oonoentratlons  and  size  distributions.  The 
test  Itself  must  be  standardized  and  refined 
to  fMOltate  Its  use  for  this  and  other 
purposes. 


NOTICES 

OOSfCXrUZIOSr  am  BSOOMSCZlfDATTONS 

Certain  mineral  libera  found  In  water  are 
suspected  of  being  harmful  upon  Ingestion. 
Ths  available  data  with  respect- to  asbestos 
orally  Ingested  through  drinking  water  do 
not  suggest  an  Immediate  hasard  to  public 
health.  They  do  suggest  that  additional  re¬ 
search,  both  experimental  (using  animals) 
and  epidemlolo^cal.  Is  required  to  deter¬ 
mine  the  degree  of  hazard.  Until  new  results 
become  available,  contamination  of  drinking 
water  by  mineral  fibers  should  be  kept  to  a 
minimum  through  the  use  of  effective  co¬ 
agulation  and  filtration  processes  and  other 
appropriate  measures. 

Because  particulates  are  vehicles  for  con¬ 
centration.  transport,  and  release  of  pollut¬ 
ants.  they  may  have  Indirect  effects  on 
health.  Coagulation  and  filtration  are  effec¬ 
tive  methods  of  reducing  particulate  con¬ 
centrations.  Measurement  of  particulate  con¬ 
tent  by  turbldlmetry  la  Imprecise  and  can¬ 
not  be  relied  upon  as  a  sole  Indicator  of  the 
safety  of  an  uncharacterized  drinking-water 
source. 

aZCOMMENDATIONS  FOR  FUTURI  RESEARCH 

1.  A  survey  of  suspended  particulate  mat¬ 
ter  In  raw  and  treated  drinking-water  sup¬ 
plies  In  several  "typical*’  communities  is 
urgently  needed  as  background  Information, 
■nils  must  be  coupled  with  analysis  of  ac¬ 
companying  organic  and  Inorganic  material 
and  microorganisms,  as  well  as  characteriza¬ 
tion  of  the  particulates  with  reflect  to  size, 
shipe,  composition,  and  adsorbed  constitu¬ 
ents. 

2.  Ingestion  studies  should  be  carried  out 
with  fibers  of  various  types  and  sizes  distri¬ 
butions  In  validated  animal  model  systems. 

5.  Kpldemlologlcal  studies  of  time  trends 
In  death  rates  should  be  conducted  In  areas 
that  have  high  concentrations  of  mineral 
fibers  In  drinking  water. 

4.  Electron  microscopy  procedures  for  de¬ 
tecting  and  counting  asbestos  fibers  should 
be  scrutinized  with  respect  to  their  specific¬ 
ity,  precision  and  accuracy. 

6.  Information  Is  required  on  the  effects  of 
inorganic,  organic  and  biological  toxicants 
adsorbed  on  clay  and  organic  particulates. 

6.  Development  of  Improved  and  standard¬ 
ized  methods  for  determining  particle  con¬ 
centrations  and  size  distributions  by  optical 
techniques,  such  as  Ught  scattering  and  ab¬ 
sorption.  should  be  supported. 

INORGANIC  SOLUTES 

The  Interim  Primary  Drinking  Water  Reg¬ 
ulations  list  maximum  allowable  concen¬ 
trations  for  six  metallic  elements — barium, 
cadmium,  chromium,  lead,  mercury,  and  sU- 
vor.  Ten  additional  metals  were  reviewed  In 
this  study — beryllium,  cobalt,  copper,  mag¬ 
nesium.  manganese,  molybdenum,  nickel, 
tin,  vanadium,  and  zinc.  Sodium,  which  is 
also  a  metal,  was  considered  separately,  be¬ 
cause  the  problems  Its  poses  are  quite  dis¬ 
tinct  from  those  associated  with  the  other 
metallic  substances. 

Bight  of  these  metals  are  known  to  be  es¬ 
sential  to  human  nutrition:  chromium,  co¬ 
balt,  copper,  magnesium,  manganese,  molyb¬ 
denum,  tin  and  zinc.  Nickel  and  vanadium 
probably  are  essential  also,  and  It  Is  possible 
that  barium  can  be  beneficial  under  certain 
conditions.  The  metals,  beryllium,  cadmium, 
lead,  mercury  and  silver  are  believed  not  to 
be  essential  to  humans. 

Elements  that  are  beneficial  in  small 
quantities  often  exhibit  toxic  properties 
when  Ingested  In  excessive  amounts  or  con¬ 
centrations.  In  assessment  of  the  adverse 
health  effects  of  such  materials  It  Is  impor¬ 
tant  not  to  overlook  deficiency  problems  that 
might  be  encountered  If  the  substances  were 
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to  be  completely  eliminated  from  water  sup¬ 
plies. 

Trace  metals,  usually  In  the  form  of  Ions, 
occur  In  water  both  as  a  result  of  natural 
processes  and  as  a  consequence  of  man's  ac¬ 
tivities.  Ground  waters,  because  of  long  con¬ 
tact  with  rocks  and  mineralized  soils,  usually 
contain  greater  concentrations  of  trace 
metals  than  surface  waters.  There  Is  consid¬ 
erable  temporal  and  spatial  variation  in  con¬ 
centrations  of  trace  metals  In  surface  waters. 
Generally,  the  trace  metal  concentrations  of 
rivers  tend  to  Increase  from  source  to 
mouth,  and  to  vary  Inversely  with  discharge. 

Of  the  16  metals  studied,  the  relative  con¬ 
tribution  of  man’s  activities  to  the  concen¬ 
trations  found  In  water  supplies  can  be  rated 
roughly  as  follows:  Very  great — cadmium, 
chromivun,  copper,  mercury,  lead  and  zinc; 
high — silver,  barium,  molybdenum,  tin: 
molerate — beryllium,  cobalt,  maganese.  nick¬ 
el  and  vanadium;  low — magnesium. 

Other  Important  sources  of  trace  metals  in 
drinking  water  are  chemicals  used  in  water- 
treatment  processes  and  pickup  of  metallic 
ions  during  storage  and  distribution.  Al¬ 
though  a  large  fraction  of  the  United  States 
population  continues  to  receive  water  from 
ground  sources  or  from  Impounded  upland 
sources  without  treatment  other  than  disin¬ 
fection,  most  large  surface  supplies  are  sub¬ 
jected  to  treatment  that  Includes  coagula¬ 
tion,  sedimentation,  filtration,  and  disinfec¬ 
tion.  Should  trace  metals  occur  in  the  raw 
water  supply,  these  normal  water-treatment 
processes  have  either  no  effect  or  an  uncer¬ 
tain  one  on  the  usual  low-level  concentra¬ 
tions  of  these  metals.  Mcn^eover,  probable 
trace  metal  Impurities  In  the  technical -grade 
chemicals  used  to  treat  water  may  introdii^e 
additional  amounts. 

A  wide  variety  of  materials  including  sev¬ 
eral  metals,  alloys,  cements,  plastics,  and  or¬ 
ganic  compounds  are  used  In  the  pumps, 
pipes  fittings,  and  reservoirs  of  distribution 
and  plumbing  systems.  Reactions,  particu¬ 
larly  of  soft,  low-pH  waters,  with  materials 
of  distribution  system  often  have  produced 
much  greater  concentrations  of  Iron,  copper, 
zinc,  lead  and  cadlum  at  the  tap  than  tho.’^e 
at  the  treatment  plant. 

Adverse  health  effects  associated  with  trace 
metals  depend  upon  the  total  Intake  from 
all  sources — food,  air  and  water.  As  a  general 
rule  concentrations  of  trace  metals  In  food¬ 
stuffs  greatly  exceed  those  found  In  drink¬ 
ing  waters.  Because  the  diet  of  most  of  the 
United  States  population  Is  Increasingly 
varied  and  comes  from  diverse  geographical 
sources  as  a  result  of  modem  food-distribu¬ 
tion  practices  that  counterbalance  local  ex¬ 
cesses  or  deficiencies,  the  dietary  Intake  of 
trace  metals  exhibits  relatively  small  varia¬ 
tion  throughout  the  United  States.  This  fac¬ 
tor  Is  helpful  In  evaluation  of  maximum  no- 
observed-sdverse-health-effect  concentra¬ 
tions  for  drinking  water. 

Airborne  exposure  to  trace  metals  other 
than  lead  la  largely  occupational,  occurring 
through  the  Inhalation  of  Industrial  dusts 
or  fumes.  At  present  there  Is  more  general 
exposure  to  lead  from  motor-exhaust  fumes 
although  evidence  for  acute  and  chronic 
health  effects  Is  derived  from  occupational 
exposures.  Because  the  data  relate  primarily 
to  healthy  adults,  caution  must  be  observed 
In  extrapolating  these  data  to  the  general 
public. 

All  the  trace  metids  studied  are  known  to 
exhibit  toxic  effects  at  some  level  of  Intake. 
Many  of  these  effects  are  observed,  however, 
only  at  concentrations  greater  than  the  max¬ 
ima  that  have  been  found  In  drinking  water. 
To  Include  such  materials  In  primary  drink¬ 
ing-water  standards,  with  the  accompanying 
requirement  for  mandatory  surveillance,  does 
not  confer  any  health  benefit.  Augmenta- 
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tlon  of  the  natural  concentrations  of  these 
trace  elements  to  ralues  of  concern  can  be 
avoilded  most  readily  by  preventing  discharge 
of  the  contaminants  Into  water  sources. 

In  addition  to  the  trace  metals  mentioned 
above,  the  effects  on  health  of  several  other 
inorganic  constituents  of  drinking  water 
were  also  studied.  These  include  sodium, 
arsenic,  selenium,  fluoride,  nitrate  and  sul¬ 
fate  The  relationship  between  water  hard- 
nes.s  and  health  was  also  considered.  The 
findings  on  these  topics  are  summarized 
individually  below. 

Barium,  it  is  rare  to  find  barium  in  drink¬ 
ing  water  at  a  concentration  in  excess  of 
I  mg  liter  becatise  of  the  low  solubility  of 
barium  sulfate.  Natural  and  treated  waters 
usually  contain  sufficient  sulfate  so  that 
more  than  1-1.5  mg/liter  of  barium  cannot 
be  maintained  in  solution. 

Acid-soluble  barium  salts  aie  very  toxic, 
whereas  insoluble  compounds  are  benign. 
There  has  been  no  determination  of  the 
chronic  effects  of  low  levels  of  barium  in¬ 
gested  over  a  long  period  of  time. 

The  Interim  Primary  Standard  of  I  mg/ 
liter  for  barium  has  been  based  on  extrapola¬ 
tion  from  effects  of  industrial  exposure  to 
dusts  of  soluble  barium  salts.  Insufficient 
data  are  available  to  estimate  maximum  no¬ 
observed-adverse-health  effect  concentrations 
on  the  basis  of  water  intake.  The  limit  of  4 
mg  liter  of  the  U.S5.R.  is  based  on  organo¬ 
leptic  factors.  International  and  European 
Standards  of  the  World  Health  Organization 
(WHO)  do  not  list  barium. 

It  is  recommended  that  animal  studies  in¬ 
volving  long-term  low-level  ingestion  of 
barium  salts  in  water  be  carried  out  to  de¬ 
termine  possible  health  effects. 

Beryllium.  Because  the  oxide  and  hydroxide 
are  relatively  insoluble  at  the  usual  range  of 
pH,  beryllium  Is  unlikely  to  occur  in  drink¬ 
ing  water  at  more  than  trace  concentrations. 
The  sulfate  and  chloride  are  very  soluble,  but 
they  hydrolyze  quickly  to  the  insoluble  hy¬ 
droxide. 

Beryllium  produces  acute  or  chronic  toxic¬ 
ity  In  animals  when  ingested  continuously  as 
beryllium  sulfate  In  food  In  amounts  greater 
than  10-20  mg/kg/day,  or  In  water  at  con¬ 
centrations  greater  than  5  mg/llter.  Soluble 
beryllium  has  been  shown  to  be  transported 
In  the  bloodstream  to  bone,  and  to  be  able 
to  Induce  bone  cancer  in  animals,  but  the 
data  are  insufficient  to  allow  estimation  of 
risk. 

Prolonged  inhalation  of  dusts  containing 
beryllium  is  known  to  produce  pulmonary 
sarcoidosis.  However,  increased  incidence  of 
lung  cancer  has  not  been  found  among  work¬ 
ers  exposed  to  dusts  containing  beryllium. 

No  maximal  allowable  concentration  for 
beryllium  has  been  listed  In  the  Interim  Pri¬ 
mary  Drinking  Water  Regulations,  nor  has 
the  WHO  recommended  a  maximum  limit. 
The  U.S.S.R.,  however,  has  set  a  limit  of  0.2 
Ag/Iiter.  Until  now  the  maximum  concen¬ 
tration  of  beryllium  found  In  .U.S.*  surface 
waters  has  been  1.2  ^g/liter  and  In  finished 
U.S.  drinking  waters  has  been  0.17  Mg/liter. 
Only  1.7  percent  of  drinking  water  supplies 
examined  have  been  found  to  contain 
beryllium. 

« Additional  studies  of  the  frequency  of  oc¬ 
currence  and  concentrations  of  beryllium  In 
natural  waters  are  needed  to  determine  the 
extent  to  which  it  presents  a  hazard  to 
health. 

Cadmium.  Cadmium  is  not  known  to  be  an 
essential  or  beneficial  element.  It  has  been 
found  In  2-3  percent  of  U.S.  surface  waters, 
generally  in  concentrations  not  exceeding  a 
few  micrograms  per  liter  because  solubilities 
of  cadmium  carbonate  and  hydroxide  are  low 
at  pH  greater  than  6.  Only  0.1  percent  of  the 
supplies  In  the  Commimity  Water  Supply 
Survey  showed  cadmium  in  excess  of  10  tug/ 
liter  In  addition  to  Its  geological  sources. 


cadmium  enters  water  from  the  discharge 
of  plating  wastes  and  by  corrosion  of 
plumbing. 

Food  is  the  primary  source  of  cadmium  in¬ 
take.  Total  daily  Intake  from  air,  water,  food 
and  tobacco  ranges  from  40  /<g/day  for  the 
rural  nonsmoker  on  a  low  cadmium  diet  to 
190  Mg  day  for  the  urban  smoker  on  a  high 
cadmium  diet.  Drinking  water  contributes 
only  a  small  fraction  (<5  percent)  to  this 
total  intake 

Chronic  ingestion  of  cadmium  at  levels 
greater  than  100  -.g  day,  in  combination  with 
several  other  nece.->sary  predisposing  factors, 
was  found  to  be  responsible  for  the  onset  of 
‘Ttal-Itai"  disea.se  in  Japan.  Dietary  intake 
of  amounts  in  excess  of  a  milligram  per  day 
is  needed  for  appearance  of  acute  toxicity. 
Major  toxic  effects  are  on  the  kidney;  data 
indicate  that  the  toxicity  of  cadmium  is  re¬ 
lated  to  the  zinc:cadmlum  ratio  within  the 
organs.  Both  zinc  and  calcium  may  protect 
against  cadmium  toxicity.  Persons  deficient 
in  these  elements,  and  especially  lactose- 
intolerant  persons,  who  are  also  likely  to  be 
calcium-deficient,  may  constitute  a  high-risk 
group  relative  to  cadmium.  Some  animal 
studies  have  shown  carcinogenic  and  terato¬ 
genic  effects,  but  dose-response  relationships 
are  unknown.  Cadmium  has  also  been  impli¬ 
cated  as  a  factor  in  hypertension. 

Insufficient  data  are  available  for  estab¬ 
lishment  of  a  maximum  no-observed -adverse- 
health-effect  value.  It  may  be  noted,  however, 
that  consumption  of  two  llters/day  of  water 
containing  10  #ig/llter  of  cadmium  would 
contribute  only  about  20  percent  of  the  nor¬ 
mal  total  dally  adult  Intake.  Both  the  WHO 
and  the  U.S.S  R.  have  set  th^  maximum  al¬ 
lowable  limit  for  cadmium  at  10  //g  liter. 

Chromium.  Microgram  amounts  of  chro¬ 
mium,  derived  primarily  from  food,  are  es¬ 
sential  for  maintenance  of  normal  glucose 
metabolism.  But  chromium  (VI)  Is  known 
to  be  toxic,  principally  on  the  basis  of  Infor¬ 
mation  from  respiratory  occupational  expo¬ 
sures.  Increase  risk  of  lung  cancer  among 
those  occupationally  exposed  to  chromium 
(VI)  has  been  established. 

Although  Inhaled  hexavalent  chromium 
may  cause  cancer  of  the  respiratory  tract,  a 
working  group  of  the  International  Agency 
for  Research  on  Cancer  concluded  “there  is 
no  evidence  that  nonoccupatlonal  exposure 
to  chromium  constitutes  a  cancer  hazard.” 

Concentrations  of  chromium  found  In  nat¬ 
ural  waters  are  limited  by  the  low  solubility 
of  chromium  (III)  oxides.  A  study  of  more 
than  1.500  surface  waters  showed  a  maximum 
chromium  content  of  0.11  mg/llter,  with  a 
mean  of  0.01  mg  liter. 

Little  information  is  available  about  the 
average  total  dally  Intake  of  chromium  In 
the  United  States,  although  It  appears  to  be 
in  the  range  of  60-280  ng/day.  It  has  been 
suggested  that  diets  containing  mostly  pro¬ 
cessed  foods  may  be  chromium-deficient.  Tis¬ 
sue  chromium  In  U.S.  adults  has  been  shown 
to  decline  with  age. 

In  addition  to  the  beneficial  effect  of  chro¬ 
mium  on  glucose  metabolism,  some  animal 
studies  indicate  that  chromium  deficiency 
may  induce  atherosclerosis. 

Toxicity  of  chromium  depends  on  the  val¬ 
ence.  No  toxic  effects  were  observed  In  rats 
when  drinking  water  contained  25  mg/llter 
of  trlvalent  chromium  for  a  year  ot  6  ag/ 
liter  for  life.  Acutely  toxic  doses  of  trlvalent 
chromium  fall  In  the  range  of  grams  per 
kilogram  of  body  weight.  Hexavalent  chro¬ 
mium  was  also  tolerated  at  the  25  mg/liter 
level  for  a  year  by  rats.  Dogs  showed  no  ef¬ 
fects  with  il  mg/llter  over  a  4-year  period. 
Higher  do.ses  are  toxic,  however,  producing 
erosion  of  the  gastronlntestlnal  tract  and 
kidney  lesions. 

The  maximum  limit  of  the  Interim  Primary 
Drinking  Water  Regulations,  0.06  mg/llter. 
Is  only  one-hundredth  of  the  maximum  no¬ 


observed-adversc-health  effect  concentration. 
The  European  Standards  of  the  WHO  and 
Japanese  Standards  give  the  same  limit  as 
acceptable,  but  set  it  in  terms  of  hexavalent 
chromium  only.  Tlie  U.S.S. R  has  limits  ot 
0.1  mg  liter  chromium  (VTi  and  0.5  mg  liter 
total  chromium,  based  on  organoleottc 
factors. 

More  Information  is  needed  on  the  car¬ 
cinogenic  |x>tentlal  Of  ingested  chromium 
(VI)  and  chromium  (III).  If  It  becomes  clear 
that  hlghjy  toxic  or  carcinogenic  effects  oc¬ 
cur  only  with  chromium  (VI).  and  a  suit¬ 
ably  sensitive  analytical  technique  Is  avail¬ 
able,  then  tlie  standard  might  be  set  for 
chromium  (VI)  alone.  In  view  of  the  trend  in 
the  United  States  toward  dietary  chromium 
deficiency,  and  the  suggestion  that  chromium 
protects  against  atherosclerosis.  It  seems  ad¬ 
visable  to  determine  whether  concentrations 
greater  than  that  pre.scrlbed  by  the  current 
drinking-water  regulations  are  without  ad¬ 
verse  health  effects,  as  .some  animal  experl-  _ 
ments  suggest. 

Cobalt.  Cobalt  is  an  e.s.sentlal  element  as  a 
component  of  vitamin  B,,.  Excessive  Intake 
of  cobalt  may  be  toxic,  however,  as  shown  by 
the  as.soclatlon  of  congestive  heart  failure 
with  the  consumption  of  beer  containing 
about  1.5  mg/llter  of  cobalt. 

Cobalt  has  been  observed  In  natural  waters 
only  In  trace  amounts.  Most  waters  contain 
no  detectable  cobalt,  and  values  greater  than 
10  /ug/llter  are  rare.  The  maximum  concen¬ 
tration  recorded  In  .several  extensive  studies 
was  99  i(g/llter. 

Tire  major  source  of  cobalt  Ls  food;  concen¬ 
tration  In  green  leafy  vegetables  may  be  as 
greater  as  0.5  mg  kg  dry  weight.  Normally, 
less  than  1  percent  of  total  Intake  of  cobalt 
is  derived  from  aqueous  sources. 

Acute  toxic  effects  In  animals  have  been 
observed  only  at  dally  doses  greater  than 
several  mg.-'kg  of  body  weight.  Chronic  co¬ 
balt  toxicity  has  been  observed  In  children 
taking  cobalt  preparations  to  correct  anemia 
at  daily  doses  of  1-6  mg/kg  body  weight. 

The  Interim  Primary  Drinking  Water 
Regulations  do  not  list  cobalt,  nor  has  tht 
WHO  recommended  a  limit  In  Its  Interna¬ 
tional  or  European  standards.  The  U.S.S.R. 
has  set  a  limit  of  1  percent  mg/llter. 

Because  the  maximum  no-observed -ad¬ 
verse-health-effect  concentration  is  more 
than  an  order  of  magnitude  greater  than  that 
found  in  any  natural  water  or  drinking  water 
supply,  there  appears  to  be  no  reason  at  pres¬ 
ent  to  regulate  the  concentration  of  cobalt  in 
drinking  water. 

Copper.  Copper  is  an  e.s.sential  element  for 
both  plants  and  animals;  it  is  a  component  of 
several  enzymes  that  perform  Important 
iologlcal  functions. 

Copper  Is  a  minor  constituent  of  natural 
waters.  In  a  survey  of  1,600  surface  waters  of 
the  United  States,  the  concentrations  were 
1-280  «g/lltCT.  Corrosion  of  copper  piping 
may  increase  concentrations  in  drinking 
waters  to  several  mg -  liter.  Copper  may  also 
be  released  Into  water  in  Industrial  dis¬ 
charges,  and  has  been  used  for  algal  control 
in  reservoirs  at  a  few  tenths  milligram /liter. 

Average  total  Intake  of  copper  is  about  2.5 
mg/day,  so  that  when  water  contains  more 
than  1  mg/llter  of  copper,  the  Intake  from 
water  may  equal  or  exceed  that  from  food. 

The  general  healUi  hazard  from  copper  In¬ 
take  at  a  few  milligrams/liter  appears  to  be 
small,  but  a  few  people  are  adversely  affected 
by  ingestion  of  even  trace  amounts  of  copper. 
This  disorder  of  copper  metabolism,  called 
Wilson’s  disease,  can  be  arrested  by  the  use 
of  chelating  agents.  Individuals  with  de¬ 
ficiency  of  glucose-6-phosphate  dehydro¬ 
genase  may  be  sensitive  to  copper. 

The  USPH8  Drinking  Water  Standards 
(1962)  recommended  a  limit  for  copper  of  1 
mg/ljter  based  on  organoleptic  rather  than 
health  effects.  Because  no  general  adverse 
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bMilth  •Secta  hJtT«  been  otMerred  et  tbe  <»^»- 
noleptle  limit  end  becauae  tbe  few  tndlvld- 
uala  with  metabolic  deficiency  are  at  the 
mercy  of  totcil  copper  Intake  rather  than  cop¬ 
per  In  water,  there  la  no  hygienic  reason  to 
Impose  a  limit  lower  than  the  presently  ac¬ 
cepted  secondary  standard. 

Lead.  No  beneficial  efTects  of  lead  on  human 
or  animal  development  have  yet  been  found. 
Although  acute  lead  poisoning  Is  rare,  chronic 
lead  toxicity  Is  severe  and  occurs  even  with 
low  dally  Intake  «1  mg)  because  of  Its  ac¬ 
cumulation  In  bone  and  tissue. 

The  natural  lead  content  of  surface  waters 
Is  generally  small.  In  a  survey  of  nearly  1,600 
raw  surface  waters  20  percent  were  found  to 
contain  detectable  concentrations  of  lead  and 
these  had  a  mean  value  of  0.023  mg/llter.  The 
lead  concentration  In  municipal  supplies  at 
the  tap  may  be  much  greater,  however,  for 
soft,  low-pH  (aggiesslve)  waters  dissolve  lead 
from  service  connections,  lead-lined  house- 
hertd  piping  or  soldered  Joints.  Lead  concen¬ 
trations  In  excess  of  the  Interim  level  of  0.05 
mg/Uter  were  found  In  1.4  percent  of  the 
water  systems  examined  In  the  Community 
Water  Supply  Survey.  The  maximum  value 
was  0.04  mg/Hter. 

The  mean  concentration  of  lead  In  U.S. 
drinking  waters  has  been  estimated  to  be 
0.013  mg/llter.  Consumption  of  2  liters  day 
per  capita  gives  a  mean  dally  Intake  of  26  sg. 

Lead  Intake  from  food  varies  greatly;  mean 
dally  values  are  estimated  to  be  100-300  sg 
per  capita  for  adults.  Average  Intake  In  water 
Is  considerably  less  than  that  from  food,  but 
when  the  concentration  In  w’ater  Is  close  to  or 
exceeds  the  Interim  level  of  0.05  mg/llter.  In¬ 
take  In  water  approaches  that  from  food. 

Absorption  of  lead  from  dietary  sources, 
either  food  or  water,  la  estimated  to  be  about 
10  percent  t<x  adults.  Dally  lead  absorption 
from  food  la,  then,  10-30  ag.  while  ahsorp- 
tton  from  water  ranges  from  an  average  of 
S-10  ag  or  mcM'e,  when  water  containing  0.05 
mg/llter  or  greater  fs  ingested  at  2  liters/ 
day. 

The  dally  Intake  from  air  also  ranges  wide¬ 
ly,  and  la  greatest  among  dty  dwellers.  For 
a  dally  Inspiration  volume  of  20  m*  for  adults 
and  a  lead  concentration  of  3  ag/m*  in  urban 
air,  the  per  capita  dally  Intake  Is  60  ag.  Ab- 
BOiptlon  from  air  la  about  40  percent,  bow- 
aver,  so  that  the  dally  quantity  absorbed  la 
34  ag,  •  value  comparable  with  the  dietary 
absorption. 

The  sum  of  the  estimated  absorptions  from 
the  various  routes,  50-60  ag/day,  is  already  at 
the  maxlmxim  no-observed-adverse-health- 
affect  value  of  50-60  ag/day. 

Children,  and  especially  Inner-city  urban 
diUdren,  are  a  special  risk  group  with  regard 
to  lead  toxicity.  A  primary  reason  Is  that  ab¬ 
sorption  of  lead  from  food  and  water  la  40- 
60  percent  for  3-3  year  old  children,  rather 
than  the  5-10  percent  characteristic  of 
adults.  Also,  water  Intake  per  kilogram  of 
body  weight  is  considerably  greater  for  young 
children  than  for  adults.  Moreover,  lead  con- 
oentratlons  in  urban  air  Increase  with  prox¬ 
imity  to  the  grotmd,  so  that  urban  children 
tend  to  have  Increased  Intake  from  this 
aource.  Young  children  also  have  the  added 
risk  of  Ingestion  of  fiaklng  lead-based  paints 
especially  In  depressed,  older,  mban  areas. 

Dietary  lead  Intake  for  a  2-year  old  child 
(12  kg)  has  been  estimated  to  be  100  ag/day 
(SA  ag/kg/day):  with  water  at  the  present 
0.06  mg/llter  limit  and  a  consumption  of  1.4 
llter/day,  and  with  air  Intake  about  18 
ag/day.  the  estimated  total  Intake  for  a  2- 
year  old  would  be  close  to  190  ag/day,  not  In¬ 
cluding  other  possible  sources. 

Major  chronic  adverse  effects  of  lead  are 
produced  In  the  hematopoietic  system,  cen¬ 
tral  and  peripheral  nervous  systems,  and  kid¬ 
neys.  Disturbance  In  heme  synthesis  Is  con¬ 
sidered  to  be  the  most  sensitive  effect.  There 
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Is  a  detectable  Increase  In  red-oell  proto¬ 
porphyrin  In  women  and  children  with  Mood 
lead  concentrations  greater  than  about  26-80 
ag/dl  (micrograms  per  deciliter) .  For  men  oc¬ 
cupationally  exposed,  the  maximum  no- 
observed-adverse-bealth  effect  level  appears 
to  be  somewhat  greater  at  50-60  sg/dl. 

Results  of  studies  in  the  Boston  area  In¬ 
dicate  that  Increased  blood  leveLs  of  lead 
occur  In  children  when  tbe  water  supply  con¬ 
tains  0.05-0.1  mg/liter  of  lead.  Thus,  the  In¬ 
terim  limit  of  0.05  mg/liter  may  not  provide  a 
margin  to  safeguard  the  high-risk  popula¬ 
tion  In  urban  areas.  The  WHO  recommenda¬ 
tion  of  5  sg  of  lead  per  kg/day  a.s  a  safe  total 
daily  Intake  cannot  be  met  for  a  12  kg  child 
when  tbe  water  supply  contaln.s  as  much  as 
0.05  mg/llter.  It  Is  concluded  that  the  no-ob- 
served-adverse-health-effeot  level  cannot  be 
set  with  assurance  at  any  value  greater  than 
0  025  mg/llter. 

Manganese.  Mangane.-.e  resembles  Iron  In 
Its  chemical  behavior  and  occurrence  In  na¬ 
tural  waters,  but  Is  found  less  frequently  and 
usually  at  lower  concentratfons  than  iron. 
Manganese,  like  Iron,  is  an  essential  trace 
nutrient  for  plants  and  animals.  It  Is  not 
known  whether  human  mxmgsmese  defi¬ 
ciency  occurs  In  the  United  States.  Tbe  solu¬ 
bility  of  tbe  several  oxidation  states  of  man¬ 
ganese  (U,  ni,  and  IV)  depends  upon  pH, 
dissolved  oxygen,  and  the  presence  of  com- 
plexlng  agents.  Occasionally,  deep  lakes  or 
Impounding  reservoirs  that  contain  organic 
sediments  under  anerobic  reducing  condi¬ 
tions  can  distribute  several  mg/llter  of  Mn^ 
throughout  the  water  body  during  “turn¬ 
over”  mixing.  Normally,  however,  the  con¬ 
centration  of  manganese  in  natural  surface 
waters  Is  less  than  20  ;ig/llter. 

Manganese  can  be  absorbed  by  inhalation. 
Ingestion,  and  through  the  skin;  the  con¬ 
sequences  of  this  have  been  recently  reviewed 
In  depth  by  tbe  National  Academy  of  Sci¬ 
ences.  It  has  been  known  that  the  occupa¬ 
tional  Inhalation  of  manganese  dusts  results 
In  a  disease  of  the  central  nervous  system  re¬ 
sembling  Parkinsonism,  and  af  form  of 
pneumonia. 

Ingestion  of  manganese  In  moderate  excess 
of  the  normal  dietary  level  of  3-7  mg/day  Is 
not  considered  harmful.  A  reported  outbreak 
of  manganlsm  In  Japan  was  attributed  to 
drinking  well  water  containing  about  14  mg/ 
liter  of  manganese. 

The  maximum  concentration  of  man¬ 
ganese  found  In  the  1975  Survey  of  Inter¬ 
state  Water  Supply  Systems  was  0.4  mg/ 
liter  except  for  samples  from  two  Alaskan 
airports  which  showed  1  and  1.1  mg/llter. 
A  total  of  669  supplies  were  examined.  Simi¬ 
larly,  the  maximum  concentration  found  in 
the  1969  Community  Water  Supply  Survey 
was  1.3  mg/llter  from  969  supplies.  Both 
these  msucimum  concentrations  are  an  order 
of  magnitude  less  than  minimum  concen¬ 
trations  at  which  adverse  health  effects  are 
observed.  Moreover,  even  with  msmganese  at 
0.4  mg/llter  the  Intake  of  manganese  from 
water  would  be  only  about  16  percent  of 
the  normal  total  dietary  Intake  of  man¬ 
ganese. 

Because  concentrations  of  manganese 
found  In  water  supplies  are  much  less  than 
those  at  which  adverse  health  effects  have 
been  observed  and  because  the  regulation  of 
manganese  for  esthetic  and  economic  rea¬ 
sons  Is  also  far  more  stringent  than  would 
be  required  for  reasons  of  health,  there  seems 
little  need  to  establish  a  maxlmtim  no-ob- 
served-adverse-health-effect  value. 

Magnesium.  Magnesium  Is  an  essential 
element  In  human,  animal,  and  plant 
nutrition.  It  Is  geologically  ubiquitous 
and  its  salts  are  widely  used  industrially. 
Hie  average  UJS.  adult  Ingests  between 
240-480  mg  'day  of  magnesium.  Magne- 
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slum  Intake  from  3.6-4.2  mg/kg  of  body 
weight  Is  believed  to  be  adequate  to  mabi- 
taln  magnesium  balance,  which  Is  closely 
regulated  by  normal  kidneys.  The  median 
concentration  of  magnesium  In  the  water 
of  the  100  largest  U.S.  cities  was  reported 
at  6.26  mg/llter  with  a  maxium  of  120 
mg/liter.  It  can  be  greater,  especially  In 
arid  western  states. 

An  excess  of  magnesium  In  the  diet  Is 
seldom  harmful,  for  It  Is  generally  ex¬ 
creted  promptly  m  feces.  High  concen¬ 
trations  of  magnesium  sulfate  In  drink¬ 
ing  water  have  a  cathartic  effect  on  new 
users,  but  a  tolerance  Is  soon  acquired 
Excessive  magnesliun  In  body  tissues  and 
extracellular  fluids  occurs  only  as  a  re¬ 
sult  of  severe  kidney  malfunction.  Mag¬ 
nesium  deficiency  in  humans  may  occur 
in  alcoholics,  persons  performing  hard 
labor  in  hot  climates  (because  magne¬ 
sium  is  excreted  in  perspiration),  those 
with  certain  endrocrlne  disturbances, 
and  patients  using  potent  diuretics.  Such 
deficiencies  can  best  be  overcome  by  oral 
administration  of  magnesium  com¬ 
pounds. 

The  National  Interim  Primary  Drink¬ 
ing  Water  Regulations  contain  no  limit 
for  magnesium,  nor  did  the  1962  USPHS 
Drinklns  Water  Standards.  The  U.S.S.R. 
has  set  no  limit,  but  the  WHO  has  recom¬ 
mended  a  maximum  of  150  mg/liter.  In 
view  of  the  fact  that  concentrations  of 
magnesium  in  drinking  water  less  than 
those  that  impart  astringent  taste  pose 
no  health  problem  and  are  more  likely 
to  be  beneficial,  no'llmltation  for  reasons 
of  health  appears  needed. 

Mercury.  Mercury  Is  a  comparatively 
rare  element.  Its  inorganic  compounds 
are  relatively  Insoluble  and  can  exist  in 
solution  only  in  extremely  small  concen¬ 
trations  under  natural  conditions.  Re¬ 
cent  measurements  show  that  only  4  per¬ 
cent  of  water  supplies  contain  mercury 
at  concentrations  greater  than  about  1 
/ig/liter  and  only  one  of  these  exceeded 
the  current  stemdard  of  2  /»g/liter.  Con¬ 
centrations  In  these  supplies  range  from 
0.1-10  /ig/litcr.  Industrial  use  of  mercury 
has  resulted  In  Increased  environmental 
contamination.  Ihe  health  effects  of  pop¬ 
ulations  occupationally  exposed  to  mer¬ 
cury  and  mercury  compounds  have  long 
been  recognized,  but  contamination  of 
the  general  environment  is  of  recent 
origin. 

Inorganic  mercury  In  bottom  seUlmcnta 
can  be  transformed  biochemically  to  in¬ 
jurious  methylmercury  or  other  organic  mer¬ 
curial  compounds.  ITie  organic  form  readily 
enters  the  food  chain  with  concentration 
factors  as  great  as  3000  In  fish. 

Several  Investigators  have  estimated  the 
blood  levels  of  mercury  at  which  Identifiable 
symptoms  of  mercury  intoxication  occur. 
These  levels  may  be  obtained  with  a  steady 
mercury  Intake  of  from  4-14  sg/kg/day.  This 
would  be  340-840  ag/day  for  adults  and 
80-380  ag/day  for  chUdren. 

It  is  estimated  that  the  normal  diet  con¬ 
tributes  about  10  ag/day  of  mercury.  With 
dally  Intake  of  10  ag  from  food  and  4  ag 
from  water  it  appears  that  there  Is  consider¬ 
able  margin  of  safety.  However,  thoae  Indi¬ 
viduals  regularly  consuming  fish  from  con¬ 
taminated  areas  may  exceed  the  normsa  In¬ 
take  by  a  factor  of  three  or  more  and  thus 
constitute  a  high-risk  population. 
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There  is  no  Indication  that  concentrations 
of  mercury  in  drinking  water  or  air  bars 
contributed  in  any  significant  way  to  methyl- 
mercury  intoxication  of  the  general  popula¬ 
tion.  The  interim  level  llmlta  the  dally  Intake 
to  3-4  Ag  day.  Nearly  all  pubhc  water  sup¬ 
plies  in  the  United  States  contain  less  than 
1  Mg/llt«r  of  mercury.  The  WHO  has  set  no 
limit  and  the  UH.S.R.  has  a  maximum  per¬ 
missible  concentration  of  5  ^/liter. 

Molybdenum.  Soluble  molybdate  ions  are 
present  lif  trace  concentrations  in  many  sur¬ 
face  waters,  primarily  as  a  result  of  discharge 
of  industrial  wastes  but  also  as  a  product  of 
natural  weathering  of  molybdenum-bearing 
soils.  Both  suspended  insoluble  molybdenum 
disulfide  and  soluble  molybdates  are  present 
in  streams  draining  areas  where  molybdenum 
ore  is  mined  and  and  processed,  especially  in 
Colorado  and  New  Mexico. 

Typical  diets  contain  on  the  order  of  100- 
l.oob  ^g^kg,  whereas  typical  surface  waters 
(except  those  draining  mining  areas)  contain 
less  than  100  ^g/liter,  with  median  values 
about  10  ftg/llter.  Hence,  in  most  locations, 
water  is  a  minor  factor  in  the  total  molyb¬ 
denum  intake.  However,  some  finished  waters 
are  reported  to  contain  as  much  as  1.0  mg/ 
liter,  and  so  may  provide  as  much  as  2,000 
fxg  day  of  molybdenum.  More  information 
is  needed  about  adverse  health  effects  of 
molybdenum  at  these  levels  to  deal  prop¬ 
erly  with  such  supplies. 

Molybdenum  poisoning  has  rarely  been  ob¬ 
served  in  humans.  Although  it  has  been  im¬ 
plicated  for  gout  in  Armenia  and  for  a  bone- 
crippling  disease  in  India,  more  Information 
is  needed  to  establish  caiise-and-effect  rela¬ 
tionships, 

Molybdenosis  in  livestock  is  a  significant 
toxicological  problem  in  many  areas  of  the 
world,.  Consumption  of  molybdenum-rich 
forage  by  cattle  and  sheep  causes  severe 
diarrhea  (scouring),  which  sometimes  re¬ 
sults  in  death.  It  can  be  prevented  or  alle¬ 
viated  by  the  administration  of  copper. 

The  U.S.S.R.  has  established  a  limit  for 
molybdenum  of  0.5  mg/llter  In  open  waters, 
but  the  WHO  has  not  promulgated  a  limit. 

Nickel.  Nickel  may  occur,  in  water  from 
trace  concentrations  of  a  few  micrograms/ 
liter  to  a  maximum  of  100  sg/Hter.  At  these 
levels  the  daily  intake  of  nickel  from  water 
ranges  from  less  than  10  /ig/day  to  a  maxi¬ 
mum  of  200  /tg/day,  as  compared  to  a 
normal  food  Intake  of  300-600  /tg/day. 
Available  information  indicates  that 
nickel  does  not  pose  a  toxicity  problem  be¬ 
cause  absorption  from  food  or  water  is  low. 
The  principal  reason  for  considering  nickel 
stems  from  epidemiological  evidence  that 
occupational  exposure  to  nickel  compounds 
through  the  respiratory  tract  increases  the 
risk  of  lung  cancer  and  nasal-cavity  cancer. 
There  is  difiQculty  in  separating  the  effect  of 
nickel  from  the  effects  of  simultaneous  in¬ 
halation  of  other  carcinogens  including 
arsenic,  chromium  and  cobalt. 

Because  of  the  generally  low  concentration 
of  nickel  in  drinking  water  and  its  reported 
low  oral  toxicity,  there  is  no  present  need  to 
set  primary  health  effect  limits  for  nickel  in 
water.  WHO  and  the  U.S.S.R.  have  set  no 
standards  for  nickel  in  drinking  water. 

Sili'er.  Trace  amounts  of  silver  are  found 
in  some  natural  waters  and  in  a  few  com¬ 
munity  water  supplies.  It  has  not  been 
detected  at  levels  exceeding  the  Interim 
standard  of  50  Mg/liter.  Colloidal  silver  con¬ 
sumed  in*large  doses — several  hundred  mg/ 
kg  of  body  weight  can  cause  anemia  and  pos¬ 
sibly  death.  The  main  chronic  effect  in  man 
is  “argyria”.  Arg3rrla  is  a  cosmetic  defect  once 
caused  through  medical  or  occupational  ex¬ 
posure  to  silver  preparations.  Dosages  of 
from  1-5  g  of  silver  are  sufficient  to  produce 
this  syndrome. 
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On  the  assumption  of  50%  absorption  of 
silver,  consun^tlon  of  2  Uters/day  of  water 
containing  0.006  mgyiltw  of  silver  would 
result  in  an  accumulation  of  1  g  of  silver 
over  55  years. 

Silver  ion  has  not  been  detected  in  water 
supplies  In  concentrations  greater  than  half 
the  no-observed-adverse-health-effect  level. 

Tin.  There  is  some  indication  that  tin  may 
be  a  beneficial  mlcronutrlent,  although  it 
has  not  been  conclusively  demonstrated  that 
tin  is  an  e.ssential  trace  element  in  human 
nutrition.  Inorganic  tin  is  relatively  non¬ 
toxic,  but  organotin  compounds  can  be  toxic 
at  high  concentrations.  Indeed,  they  are  used 
A.S  fungicides,  insecticides,  and  anthelmln- 
thic.s. 

Tin  has  seldom  been  determined  In  natu¬ 
ral  or  municipally  treated  water.  The  few 
available  data  generally  show  concentrations 
of  the  order  of  1-2  ^g  liter.  In  contrast,  tin  is 
present  in  mo.st  natural  foods,  and  especially 
in  canned  products,  to  the  extent  that  the 
normal  human  ingestion  varies  from  1.0-30 
mg  day  which  is  three  or  more  orders  of 
magnitude  higher  than  the  probable  amount 
in  a  liter  of  tap  water. 

EPA  has  not  set  a  limit  for  tin  in  its  Na¬ 
tional  Interim  Primary  Drinking  Water  Regu¬ 
lations.  In  view  of  the  foregoing  considera¬ 
tions.  no  regulation  seems  necessary. 

Vanadium.  Vanadium  is  a  trace  metal 
which  has  been  introduced  into  the  environ¬ 
ment  in  large  quantities.  Fresh  surface  waters 
show  concentrations  in  the  2-300  ^^g,  liter 
range,  but  with  low  frequency  of  detection. 
The  data  are  limited  on  concentrations  in 
finished  drinking  waters,  but  vanadium  con¬ 
centrations  up  to  19  ^g  liter  have  been  re¬ 
ported. 

Occupational  exposure  to  pentoxides  and 
trioxides  of  vanadium  leads  to  ear,  nose  and 
throat  irritation  and  generally  impaired 
health.  The  consequences  of  exposure  to 
vanadium  in  air,  water  and  food  have  been 
review'ed  recently.  There  is  no  evidence  of 
chronic  oral  toxicity. 

Vanadium  is  considered  a  beneficial  nu¬ 
trient  at  fig  liter  levels,  and  has  been  sug¬ 
gested  as  protective  against  atherosclerosis. 

Zinc.  Concentrations  of  zinc  In  surface 
water  are  correlated  with  man’s  activities  and 
with  urban  and  industrial  runoff.  The  solu¬ 
bility  of  zinc  depends  upon  the  pH  of  the 
water.  Concentrations  ranging  from  2-1200 
^g/liter  were  detected  in  77%  of  1677  surface 
water  samples  and  3-2000  /tg/liter  In  380 
drinking  waters. 

Zinc  is  relatively  nontoxic  and  is  an  essen¬ 
tial  trace  element.  Recommended  minimum 
intake  levels  are  15  mg/day  for  adults  and 
10  mg  day  for  children  over  one  year  of  age. 
A  wide  margin  of  safety  exists  between  nor¬ 
mal  Intake  from  the  diet  and  doses  likely  to 
cause  oral  toxicity.  Concentrations  of  30  mg/ 
liter  or  more  impart  a  strong  astringent  taste 
and  a  milky  appearance  to  water.  Some  acute 
adverse  effects  have  been  reported  from  con¬ 
sumption  of  water  containing  zinc  at  40-50 
mg /liter.  There  are  no  known  chronic  ad¬ 
verse  effects  of  low-level  zinc  intake  in  diet, 
but  human  zinc  deficiency  has  been 
identified. 

The  proposed  EPA  secondary  maximum 
contaminant  level  Is  6  mg/liter. 

Sodium.  Sodium  Ion  is  an  ubiquitous  con¬ 
stituent  of  natural  waters.  It  is  derived  geo¬ 
logically  from  the  leaching  of  surface  and 
underground  deposits  of  salts  such  as  sodium 
chloride,  from  the  decomposition  of  sodium 
aluminum  silicates  and  similar  minerals, 
from  the  incorporation  of  evaporated  ocean 
spray  particles  Into  rainfall  and  from  the 
intrusion  of  sea  water  into  fresh  water  aqui¬ 
fers.  Sodium  chloride  u.sed  as  a  deicing  agent 
on  roads  enters  water  supplies  in  runoff  from 
roads  and  storage  depots.  This  added  sodium 
chloride  amounting  to  9  million  tons  in  1970, 


is  distributed  throughout  the  snow  belt  of 
the  northern  U.S.  and  is  most  heavily  con¬ 
centrated  in  metropolitan  areas. 

A  survey  of  2,100  supplies,  covering  ap¬ 
proximately  60%  of  the  population  of  the 
U.S.,  was  carried  out  in  1963-1966.  The  con¬ 
centrations  of  sodium  ion  found  ranged  from 
0.44  tal,900  mg/llter.  About  42%  of  the  sup¬ 
plies  had  sodium  ion  concentrations  in  exceK.s 
of  20  mg/llter  and  nearly  6%  had  concen¬ 
trations  greater  than  250  mg  liter. 

Few  studies  of  habitual  sodium  ion  Intake 
by  healthy  adults  in  the  U.S.  have  been  re¬ 
ported.  Such  data  as  ha\’e  been  reported  are 
based  on  measurement  of  sodium  excretion 
in  12-  or  24-hour  urine  collections.  Wide 
variations  occur  among  individuals  and  in 
the  same  Individual  from  day  to  day.  One 
study  reported  a  mean  24-liour  excretion  of 
4,100  mg.  with  a  range  from  1,600  to  9,600 
mg.  in  71  working  adult  males  in  New  York. 
Another  study  reported  a  mean  sodium  ex¬ 
cretion  near  2,800  mg  24  hours  in  171  black 
women  ranging  in  age  from  35  to  44  years. 
Infants  have  been  estimated  to  excrete  69- 
92  mg  kg/day. 

Sodium  chloride  is  added  to  many  foods 
during  processing.  Additional  sodium  chlo¬ 
ride  is  often  added  during  cooking,  and  again 
at  the  table.  None  of  this  is  essential,  for 
habitual  intake  of  sodium  beats  no  relation¬ 
ship  to  physiological  need.  Healthy  individ¬ 
uals  have  been  shown  to  maintain  sodium 
balance  on  an  Intake  of  less  than  2,000  mg/ 
24  hours  while  sweating  9  liters  day.  A  va¬ 
riety  of  pre-industrial  societies,  in  wldelv 
divergent  habitats  (for  example,  tropical 
Jtmgle.  desert,  arctic)  subsist  for  generations 
on  sodium  Intake  less  than  1.000  mg/day 
and  show  no  evidence  of  sodium  deprivation. 
Requirements  for  sodium  in  growing  Infants 
and  children  are  estimated  at  less  than  200 
mg/day. 

It  thus  appears  that  habitual  intake  of 
sodium  in  adults  in  the  United  States  often 
exceeds  body  need  by  tenfold  or  more.  Evi¬ 
dence  that  this  excessive  Intake  may  have 
harmful  consequences  Is  sunimari7:ed  in  the 
detailed  report. 

Specification  of  a  “no-observed-adverse- 
health-cffect”  level  in  water  for  a  substance 
such  as  sodium,  for  which  the  effect  Is  asso¬ 
ciated  with  total  dietary  Intake  and  for 
which  usual  food  intake  is  already  greater 
than  a  de.slrable  level.  Is  Impossible. 

Since  adult  fiuld  Intake  averages  1.6-3 
liters/day,  sodium  Intake  from  drinking 
water  represents  le.ss  thah  10  percent  of  the 
habitual  total  Intake  of  3000-4000  mg  so 
long  as  the  sodium  content  of  the  water  does 
not  exceed  200  mg/llter.  Adverse  health  ef¬ 
fects  may  be  anticipated  with  sodium  con¬ 
centrations  in  water  greater  than  20  mg 
liter  only  for  that  special  risk  group  re¬ 
stricted  to  total  sodium  intake  of  500  mg/ 
day,  becaiise  it  is  not  feasible  to  reduce  in¬ 
take  from  food  below  440  mg/day.  For  this 
group,  whose  diets  must  be  medically  super¬ 
vised,  knowledge  of  the  sodium  Ion  con¬ 
centration  of  the  drinking  water  permits 
prescription  of  ^ttled  water  low  in  sodium 
when  necessary. 

Reduction  in  hypertension  for  a  small  seg¬ 
ment  of  the  U.S.  population  who  are  on 
severely  restricted  diets  requires  a  total  in¬ 
take  of  sodium  less  than  600  mg/day.  'These 
persons  need  water  containing  less  than  20 
mg/llter  sodium  Ion.  • 

A  larger  proportion  of  the  population, 
about  3  percent.  Is  on  sodium-restricted  diets 
that  require  sodium  Intake  of  less  than  2000 
mg/day.  The  fraction  that  can  be  allocated 
to  water  varies,  depending  on  medical  Judg¬ 
ment  in  Individual  Instances.  Knowledge  of 
the  sodium  ion  content  of  the  water  supply 
and  maintenance  of  It  at  the  lowest  practi¬ 
cable  concentration  is  clearly  helpful  In  ar¬ 
ranging  diets  with  suitable  sodium  Intake. 
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In  many  diets  allowance  Is  made  for  water 
to  contain  100  mg/llter  of  sodium. 

It  appears  that  at  least  40  percent  of  the 
population  would  benefit  If  total  sodium  Ion 
Intake  were  maintained  at  less  than  2,000 
mg/day:  Provided,  That  sodium  Ion  con¬ 
centration  In  the  water  supply  were  less 
than  100  mg  liter,  the  contribution  of  water 
to  the  desired  total  Intake  of  sodium  would 
be  10  percent  or  less  at  a  dally  consumption 
of  two  liters. 

Arsenic.  Arsenic  Is  not  known  to  be  essen¬ 
tial  to  humans,  nor  are  there  known  bene¬ 
ficial  effects  from  Its  Ingestion  In  any  form, 
even  though  a  number  of  arsenic  compounds, 
principally  organic,  have  been  used  medici¬ 
nally  for  treatment  of  a  number  of  diseases 
Minimization  of  Intake  Is,  therefore,  desir¬ 
able. 

Trace  concentrations  of  arsenic  are  rather 
widely  distributed  In  natural  waters  of  the 
United  States.  Surface  water  surveys  have 
Indicated  that  20  to  25  percent  contain  ar¬ 
senic  in  excess  of  the  detection  limit  of  10 
sg/llter,  and  that  concentrations  as  great  as 
1,000  sg/llter  occur.  Concentrations  as  great 
as  1,400  sg/llter  have  been  reported  for 
ground  waters.  Enhanced  values  for  arsenic 
content  have  been  encountered  In  the  vi¬ 
cinity  of  smelters,  and  In  connection  with 
dumping  or  spills  of  arsenical  pesticides. 

Other  sources  of  human  Intake  of  arsenic 
Include  residues  of  arsenical  Insecticides  on 
fruits  and  vegetables,  naturally  occurring 
arsenic  in  food  products  such  as  shellfish, 
residual  dietary  organic  arsenleals  In  pork 
and  poultry,  and  Inhalation  of  dusts  con¬ 
taining  arsenic  from  occupational  or  envi¬ 
ronmental  contamination.  The  median  total 
intake  of  arsenic  from  all  sources  in  the 
United  States  has  been  estimated  to  be  137- 
330  Mg/day, 

The  toxicity  of  arsenic  depends  greatly  on 
chemical  form,  route  of  exposure,  and  the 
rate  and  duration  of  exposure.  Arsines  and 
trlvalent  Inorganic  arsenic  (arsenite),  are 
the  most  toxic  forms.  The  lethal  oral  dose 
of  sodium  arsenite  lies  In  the  range  of  1-25 
mg/kg;  arsenic  trloxlde  Is  one-third  to  one- 
tenth  as  toxic,  and  pentaValent  arsenic  and 
organic  arsenleals  are  less  than  one-tenth  as 
toxic. 

Chronic  or  sub-acute  toxicity  of  arsenic 
has  been  observed  with  Ingestion  of  a  few 
milligrams  per  day  for  two  weeks  or  longer. 
Initial  symptoms  are  skin  erythrema,  edema 
and  pigmentation,  gastrointestinal  and  neu¬ 
rological  disturbances.  Similar  symptoms 
have  been  observed  in  several  populations 
that  use  water  containing  100-1,000  sg/Uter 
of  arsenic.  Other  conditions  attributed  to 
excessive  human  intake  of  arsenic  Include 
neuropathy,  Increased  heart  attacks,  and  vas¬ 
cular  Injury  leading  to  gangrene  and  "Black- 
foot.”  Industrial  exposures,  by  inhalation  or 
skin  contact,  sufficient  to  cause  serious  ef¬ 
fects  on  health,  have  been  reported  in  the 
United  States  and  several  other  countries. 

Human  exposure  to  Inorganic  arsenic  com¬ 
pounds  has  been  linked  to  development  of 
cancer  of  the  skin,  re^lratory  system,  and 
gastrointestinal  tract.  However,  animal  stud¬ 
ies  have  not  shown  arsenic  compounds  to 
be  carcinogenic  even  when  administered  at 
the  maximally  tolerated  dosages  for  long 
periods  of  time.  This  absence  of  positive  re¬ 
sults  from  controlled  animal  studies  makes 
It  Impossible  to  estimate  quantitatively  a  risk 
of  cancer  from  Intake  of  arsenic  In  any  form 
or  concentration. 

Arsenic  compounds  are  fetotoxlc  In  animals 
at  high  doses,  and  teratogenic  at  lower  doses. 
They  have  also  been  found  to  be  mutagenic 
and  are  associated  with  chromosomal  aber¬ 
ration  In  man. 

Ihere  is  speculation  that  Interactions  be¬ 
tween  arsenic  and  heavy  metals  or  between 
arsenic  and  Irritating  substances,  such  as 
sulfur  dioxide,  may  be  Important  In  deter- 
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mining  overall  effects  on  hunnans  exposed  to 
mixtures  of  these  environmental  contami¬ 
nants.  Arsenic  has  been  found  to  protect 
against  selenium  poisoning  In  some  circum- 
stanoes,  but  under  other  conditions  selenltim 
and  arsenic  appear  to  be  additive  In  toxicity. 

The  maximum  no-observed-adverse-effect- 
level  for  arsenic  In  water  Is  less  than  100  sg/ 
liter.  The  current  mandatory  U.S.  drinking 
water  limit  of  60  /ig/Ilter  provides  only  a 
meager  margin  of  safety.  Intake  from  2  liters  / 
day  of  water  containing  20  /ig  liter  Is  slightly 
greater  than  10  percent  of  the  median  total 
Intake  of  arsenic.  The  present  WHO  limit  Is 
60  »g/llter,  as  It  Is  In  the  U.S  S.R 

A  research  program  should  Include: 

1.  Improvement  of  analytical  techniques 
and  methodology  for  better  adaptability  to 
water  and  foods.  (Definition  of  chemical  form 

l.s  required.) 

2.  Epidemiological  and  analytical  .studies 
of  the  distribution  of  the  variou.s  forms  of 
arsenic  In  water  at  low  concentrations,  and 
relationship  to  disease  patterns. 

3.  Development  of  a  suitable  animal  model 
for  long-term  .studies  of  arsenic  toxicity  at 
low  levels. 

4.  Intensive  studies  on  the  metabolism  of- 
arsenic  In  mammalian  systems. 

5.  Studies  on  the  Itneractlon  of  arsenic 
with  other  trace  elements  Ifi  the  environ¬ 
ment.  such  as  Se.  Cu,  Zn. 

Selenium.  Either  a  deficiency  or  an  excess 
of  selenium  can  result  In  adverse  responses. 
Selenium  Is  an  essential  nutrient,  part  of 
the  enzyme  glutathione  peroxidase,  and  may 
have  a  role  In  other  biologically  active  com¬ 
pounds.  It  Is  a  detoxifying  agent  for  heavy 
metals,  especially  cadmium,  and  In  soma  cir¬ 
cumstances  acts  antagonistically  to  arsenic 
On  the  other  hand  chronic  exposure  to  excess 
selenium  results  In  dermatitis,  central  nerv¬ 
ous  system  and  gastrointestinal  disturbances. 
Large  doses  cause  acute  toxicity  or  death. 

Most  natural  w.“.ters  contain  only  minute 
concentrations  of  selenium,  less  than  10 
liter,  but  In  regions  with  selenlferous  soils 
concentrations  In  water  may  reach  several 
hundred  micrograms  per  liter,  particularly 
for  well  water.  One  surface  water  receiving 
Irrigation  drainage  from  selenlferous  soils  has 
been  found  to  contain  2000  sg/Hter. 

Most  selenium  Intake  normally  Is  from 
food.  Concentrations  In  foodstuffs  vary 
widely,  depending  on  the  type  and  the  sele¬ 
nium  content  of  the  soil  In  which  the  crop 
was  grown.  Cereals,  meats,  and  seafoods  are 
likely  to  be  major  contributors,  with  average 
concentrations  of  a  few  tenths  of  a  mg^kg. 
Minimum  nutritional  requirements  for  sele¬ 
nium  have  been  estimated  to  be  1  mg/month. 

Industrial  exposure  to  selenium  may  occur 
In  copper  refining.  In  the  mining  and  milling 
of  lead,  zinc,  phosphate,  or  uranium,  in  the 
manufacture  of  glass,  ceramics,  electronic 
devices  and  pigments,  and  as  a  result  of  coal 
or  oil  combustion.  Atmospheric  pollution  and 
general  respiratory  Intake  may  also  occur  In 
the  neighborhood  of  these  Industries. 

Both  Inorganic  and  organic  forms  of  sele¬ 
nium  are  readily  absorbed  from  the  gastro¬ 
intestinal  tract  of  animals.  Selenite  and  sele- 
nate  are  distributed  largely  to  the  liver,  kid¬ 
neys,  muscle  mass,  gastrointestinal  tract,  and 
blood.  The  principal  route  of  excertion  of 
selenium  Is  In  the  urine,  mainly  as  trlmethyl 
selenonlum  Ion. 

Most  Indications  of  the  health  effects  of 
selenium  are  derived  from  animal  studies; 
the  number  of  reports  of  Industrial  or  acci¬ 
dental  exposures  to  toxic  levels  Is  limited. 
The  severity  of  response  depends  on  the 
chemical  form  of  selenlvim,  hydrogen  selenlde 
being  most  toxic.  Symptoms  of  selenium 
toxicity  in  animals  include  gastroenteritis, 
myocardial  damage,  hydrothorax,  pulmonary 
edema,  and  renal  and  liver  damage. 

Sodium  selenite  Is  toxic  to  rate  at  con¬ 
centrations  of  6  to  9  mg/llter  in  drinking 
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water;  concentrations  less  than  1  m_-  11' - 
are  without  observed  toxic  effect 

Cited  evidence  for  carcinogenic  effef  ts  a! 
selenium  la  tenuous  because  of  poor  ex¬ 
perimental  design  or  protocol,  and  has  not 
been  confirmed  In  properly  conducted 
studies.  Epidemiological  and  demographic 
studies  tend  to  suggest  a  protective  effect  of 
selenium  against  certain  types  of  cancers,  as 
do  statistical  data  comparing  sheep  on 
selenium-supplemented  diets  with  those  on 
normal  diets.  Tehre  are  no  reports  of  muta¬ 
genicity  of  selenium. 

Although  the  WHO  limit  on  selenium,  like, 
the  EPA-proposed  maximum  contaminant 
level.  Is  10  Mg/llter  and  the  UJ3.S.R.  limit  Is 

1  Mg/llter  as  SEO,,  most  evidence  Indicates 
that  there  Is  greater  overall  potential  for 
selenium  deficiency  than  for  selenium 
toxicity  at  current  levels  of  selenium  intake 
The  maximum  no-observed-adverse-health - 
effect  level  for  selenium  In  water  Is  at  least 
100  Mg/llter  and  apears  to  be  as  great  as 
600  Mg/llter.  A  concentration  of  20  Mg/llter 
Just  barely  provides  a  minimum  nutritional 
amount  of  selenium  with  a  consumption  of 

2  llters/day. 

A  research  program  should  Include. 

1 .  Development  of  more  rapid,  accurate  and 
reproducible  analytical  methods  of  provide 
qualitative  and  quantitative  assays  of  chemi¬ 
cal  forms,  oxidation  state,  and  solubility  of 
water. 

2.  Improved  systems  for  monitoring  selen¬ 
ium  In  the  environment  (water,  air,  food) . 

3.  Molecular  transformations  of  selenium 
compounds  In  mammalian  systems. 

4  Interactions  between  selenium,  mercury, 
cadmium,  arsenic,  and  other  trace  elements 
and  heavy  metals  in  the  biosphere  and  In 
animal  organisms. 

6.  Determination  of  natural  and  industrial 
emissions  and  cycling  of  selenium  in  the  en¬ 
vironment. 

6.  Effects  on  animal  systems  of  long-term 
low  levels  of  selenium,  alone  and  In  combina¬ 
tion  with  other  trace  elements. 

7.  Ba.sellne  data  on  selenium  levels  In  hu¬ 
mans  In  health  and  disease. 

8.  Effects  of  deficiency  or  excess  of  selenium 
on  the  development  of  animal  tumors 

9.  Studies  of  the  variation  In  human  nutri¬ 
tional  requirements  for  selenium 

Fluoride.  Fluoride  Is  found  widely  In  water 
supplies,  but  the  concentration  Is  usually 
not  great  enough  to  be  undesirable.  The 
maximum  concentration  fotmd  for  the  969 
supplies  studied  In  the  1969  Community 
Water  Supply  Survey  was  4.4  mg/llter.  Most 
supplies  that  were  not  Intentionally  fiitorl- 
dated  had  fluoride  concentrations  less  than 
0.3  mg/llter. 

A  more  extensive  survey  by  the  Dental 
Health  Division  of  the  U.S.  Public  Health 
Service  showed  that  more  than  2,600  com¬ 
munities  with  a  population  of  8  million  peo¬ 
ple  have  water  supplies  with  more  than  0.7 
mg/liter  of  naturally  occurring  fluoride.  Most 
of  these  communities  are  In  Arizona,  Colo¬ 
rado,  Illinois,  Iowa,  New  Mexico,  Ohio,  Okla¬ 
homa,  South  Dakota,  and  Texas.  Of  these, 
624  communities  representing  1  million  peo¬ 
ple  had  supplies  with  fluoride  concentrations 
greater  than  2  mg/llter. 

Small  amounts  of  fluoride,  on  the  order  of 
1  mg/llter,  depending  on  the  environmental 
temperature.  In  Ingested  water  and  beverages, 
are  generally  conceded  to  have  a  Lieneflclal 
effect  on  the  rate  of  occurrence  of  dental 
caries,  particularly  among  children. 

Two  f(M‘ms  of  chronic  toxic  effects  are  rec¬ 
ognized  generally  as  being  caused  by  excess 
In  Intake  of  fluoride  over  long  periods  of 
time.  These  are  mottling  of  tooth  enamel  or 
dental  fluorosis,  and  skeletal  fluorosis.  In 
both  cases,  it  is  necessary  to  consider  the 
severity  since  the  very  mild  forms  are  con¬ 
sidered  beneficial  by  some.  The  most  sensi¬ 
tive  of  these  effects  Is  the  mottling  of  tooth 
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enamel,  which,  dependlog  on  th«  tempera¬ 
ture,  may  occur  to  an  objectionable  degree 
with  fluoride  concentnUlone  In  drinking  wa¬ 
ter  of  only  1.&-2  mg/11  ter.  These  obsorvatlona 
were  made  a  number  of  years  ago  and  there 
have  been  no  recent  studies  to  determine  If 
these  levels  still  cause  mottling.  Apparently 
there  has  been  little  systematic  Investiga¬ 
tion  of  the  degree  to  which  consumers  of 
drinking  water  with  several  mg/llter  of  fluor¬ 
ide  regard  the  resultant  mottling  as  an  ad¬ 
verse  health  effect. 

Skeletal  fluorosis  has  been  observed  with 
use  of  water  containing  more  than  3  mg/ 
liter.  It  now  appears  that  some  probability 
of  objectionable  dental  mottling  exists  with 
and  increased  bone  density  long-term  con¬ 
sumption  of  water  containing  fluoride  In  ex¬ 
cess  to  1  mg/llter  In  patients  with  long¬ 
standing  renal  disease  and  polydipsia.  In¬ 
creased  bone  density,  however,  has  often 
been  regarded  as  a  beneflclal  rather  than  an 
adverse  effect.  This  therefore  makes  the 
implications  of  such  changes  unclear.  In¬ 
take  of  fluoride  for  long  ^riods  in  amounts 
greater  than  20-40  mg  'day  may  result  In 
crippling  skeletal  fluorosis. 

Other  r^)orted  adverse  health  effects  of 
intake  of  milligram  per  liter  levels  of  fluo¬ 
ride  In  drinking  water,  including  mongolism, 
cancer  mortality,  mutagenic  or  birth  effects 
and  sensitivity  have  either  been  unconfirmed 
or  found  lacking  in  substance.  There  is  also 
no  evidence  that  there  is  any  difference  be¬ 
tween  the  effects  of  naturally  occurring  or 
intentionally  added  fluoride. 

Epidemiological  studies  where  the  water 
Is  naturally  high  In  fluoride  have  shown  no 
adverse  effects  other  than  dental  mottling 
except  in  rare  cases.  Controlled  studies  with 
fluoridation  at  the  1  mg/llter  level  have  re¬ 
ported  no  instances  of  adverse  effects.  Avail¬ 
able  evidence  does  not  suggest  that  fluorida¬ 
tion  has  Increased  or  decreased  cancer  mor¬ 
tality  rates. 

Additional  studies  of  mottling  amd  skeletal 
fluorosis  need  to  be  done  In  communities 
with  several  mg/llter  fluoride  In  their  water 
supplies  to  ascertain  whether  the  no-ad- 
verse-health  effect  level  for  fluoride  Is  greater 
or  less  than  1  mg/llter.  In  addition  sociologi¬ 
cal  studies  are  needed  to  ascertain  the  ex¬ 
tent  to  which  dental  mottling  Is  regarded 
as  an  adverse  effect. 

Nitrate.  All  sources  of  combined  nitrogen 
must  be  regarded  as  potential  sources  of  ni¬ 
trate,  for  there  Is  a  tendency  for  all  nitro¬ 
genous  materials  In  natural  waters  to  be  con¬ 
verted  Into  nitrate.  Major  point  sources  of 
combined  nitrogen  in  water  are  municipal 
and  Industrial  wastewaters,  refuse  dumps, 
animal  feed  lots  and  septic  tanks.  Diffuse 
sources  Include  runoff  or  leachate  from  ma¬ 
nured  or  fertilized  agricultural  lands,  urban 
drainage  and  biochemical  nitrogen  fixation. 
Small  amounts  of  combined  nitrogen  occur 
in  rainfall  from  solution  of  atmospheric  am¬ 
monia  and  oxides  of  nitrogen. 

In  the  Community  Water  Supply  survey  of 
the  Bureau  of  Water  Hygiene  in  1969,  the 
range  of  nitrate  concentrations  found  was 
0-127  mg/llter.  Nineteen  systems,  about  3 
percent  of  those  examined  for  nitrate,  had 
concentrations  In  excess  of  the  recommended 
limit  of  45  mg/llter. 

Ordinarily,  the  majew  human  Intake  of  ni¬ 
trate  Is  from  food  rather  than  from  water. 
The  mean  food  Intake  in  the  United  States 
has  been  estimated  to  be  nearly  100  mg/day, 
most  of  it  coming  from  vegetables  such  as 
spinach,  lettuce,  and  root  vegetables,  which 
may  contain  several  thousand  mg/kg  of 
nitrate. 

Nitrate  Is  secreted  In  the  saliva,  the  mean 
value  being  about  40  mg/day,  of  which  about 
10  mg/day  to  reduced  to  nitrite  and  found 
In  that  form.  These  quantities,  although 


Internally  derived,  also  represent  Inputs  to 
the  gastric  system. 

Two  health  hazards  are  related  to  the  con¬ 
sumption  of  water  containing  large  concen¬ 
trations  of  nitrate  (or  nitrite) :  induction  of 
methemoglobinemia,  particularly  in  infants, 
and  possible  formation  of  nltrosamines,  .some 
of  which  may  be  carcinogenic. 

Acute  toxicity  of  nitrate  occurs  as  a  re¬ 
sult  of  reduction  to  nitrite,  a  process  that 
can  occur  under  specific  conditions  In  the 
stomach,  as  well  as  In  the  saliva.  Nitrite  acts 
in  the  blood  to  oxidize  hemoglobin  to 
methemoglobin,  which  does  not  perform  as 
an  oxygen  carrier.  Consequently,,  anoxia  and 
death  may  ensue. 

Health  adults  are  reported  to  be  able  to 
consume  large  quantities  of  nitrate  In  drink¬ 
ing  water  with  relatively  few  effects.  If  any. 
Acute  nitrate  toxicity  Is  almost  always  seen 
in  Infants  rather  than  adults.  This  Increased 
susceptibility  of  Infants  has  been  attributed 
to  high  Intake  per  unit  weight,  to  the  pres¬ 
ence  of  nitrate-reducing  bacteria  In  the 
upper  ga.strolntestlnal  tract,  to  the  condi¬ 
tion  of  the  mucosa,  and  to  greater  dhse  of 
oxidation  of  fetal  hemoglobin. 

Assessment  of  maximum  nitrate  levels  In 
water  exhibiting  no  adverse  health  effects 
has  been  based  principally  on  a  study  of 
known  cases  of  methemoglobinemia.  No  cases 
of  methemoglobinemia  were  found  In  the 
original  studies  in  which  the  water  contained 
less  than  10  mg/liter  nitrate  as  nitrogen. 
Later,  a  small  fraction  of  total  cases  was 
found  in  which  the  nitrate  concentration  of 
the  drinking  water  was  somewhat  le.ss  than 
10  mgdlter  as  nitrogen.  Only  one  case  In  the 
United  States  has  been  associated  with  a 
public  water  supply  regardless  of  nitrate 
content. 

Studies  supplementary  to  the  previous 
ones,  in  which  levels  of  methemoglobin  In 
the  blood  of  infants  were  related  to  concen¬ 
trations  of  nitrate  In  the  water  being  fed, 
showed  elevation  of  methemoglobin  levels 
In  Infants  supplied  with  water  containing 
nitrate  as  nitrogen  only  slightly  In  excess 
of  10  mg/llter. 

It  can  be  concluded  that,  from  the  view¬ 
point  of  induction  of  methemoglobinemia, 
the  maximum  concentration  of  nitrate  In 
water  exhibiting  no  significant  adverse 
health  effects  Is  close  to  the  Interim  stand¬ 
ard  of  10  mg/llter  as  nitrogen.  However, 
there  appears  to  be  little  margin  of  safety 
for  some  infants  with  the  standard  at  this 
concentration. 

The  other  health  hazard  proposed  for 
nitrate  In  water,  that  It  may  act  as  a  pro- 
carcinogen,  Is  more  speculative.  A  series  of 
reactions  Is  involved  by  which  it  Is  proposed 
that  nitrate  In  water  may  be  converted  to 
N-nltroso  compounds  that  may  be  carlno- 
genlc.  The  steps  In  the  reaction  sequence 
are; 

1.  Reduction  of  nitrate  to  nitrite. 

2.  Reaction  of  nitrite  with  secondary 
amines  or  amides  In  food  or  water  to  form 
N-nltroso  compounds. 

3.  Carcinogenic  reaction  of  N-nltroso 
compounds. 

Reaction  of  nitrites  and  secondary  amines 
or  amides  to  form  N-nltroso  compounds  oc¬ 
curs  readily  In  acidic  solution,  and  parti¬ 
cularly  at  the  normal  pH  of  1-6  that  Is  char¬ 
acteristic  of  gastric  contents  after  a  meal. 

However,  the  relation  of  nitrate  concen¬ 
trations  In  water  supplies  to  the  presence  of 
nitrite  In  the  digestive  tract  Is  much  more 
problematic.  The  maJcM-  source  of  nitrite  to 
the  stomach,  at  least  for  heedthy  Individuals,  * 
is  the  saliva,  normally  containing  6-15  mg/ 
liter  of  nitrite.  Little  reduction  of  nitrate  to 
nitrite  occurs  In  the  human  stomach  unless 
the  gastric  pH  to  greater  than  4.6.  Thus  the 
pH  for  formation  of  nitrite  to  quite  different 


from  that  required  for  ready  formation  of 
N-nltroso  compounds,  pH  3.5  or  less. 

Epldemiologically,  correlations  have  been 
shown  between  Incidence  of  gastric  cancer 
and  concentration  of  nitrate  In  the  drinking 
water.  An  unusually  high  Incidence  of  stom¬ 
ach  cancer  In  certain  mountainous  areas  of 
Columbia  Is  associated  with  high  concen¬ 
tration  of  nitrate  In  the  drinking  water.  The 
findings,  however,  are  preliminary  and  only 
suggestive.  They  provide  no  firm  evidence 
of  a  causal  link  between  Incidence  of  can¬ 
cer  and  high  Intake  of  nitrate.  They  do  Indi¬ 
cate  a  need  for  caution  in  assessing  lack  of 
adverse  health  effects  even  at  10  mg/llter 
nitrate  as  nitrogen  and  a  need  for  continued 
Intensive  study  on  the  metabolism  and  ef¬ 
fects  of  nitrate  In  man. 

In  conclusion,  available  evidence  on  the  oc¬ 
currence  of  methemoglobinemia  in  infanta 
tends  to  confirm  a  value  near  10  mg/llter 
nitrate  as  a  nitrogen  as  maximum  no-ob¬ 
served-adverse-health-effect  level,  but  there 
is  little  margin  of  safety  In  this  value.  There 
Is  little  scientific  basis  to  support  conclu¬ 
sion  on  the  hazard  of  any  concentration  of 
nitrate  in  water  with  regard  to  carclnogenlo 
potential. 

Sulfate.  No  adverse  health  effects  have  been 
noted  for  concentrations  of  sulfate  In  drink¬ 
ing  water  less  than  about  500  mg/llter.  Diar¬ 
rhea  Is  the  only  physiological  effect  observed 
at  concentrations  greater  than  1,000  mg/llter. 

The  taste  threshold  for  sulfate  in  water 
lies  between  300  and  400  mg/llter  for  most 
persons,  but  some  are  able  to  detect  as  little 
as  200  mg '’liter. 

Water  hardness  and  health.  A  large  body  of 
scientific  information  Indicates  that  certain 
inorganic  or  mineral  constituents  of  drink¬ 
ing  water  are  correlated  with  Increased  mor¬ 
bidity  and  mortality  rates.  These  constltu-' 
ents  are  not  usually  considered  to  be  “con¬ 
taminants”  since  they  are  often  associated 
with  the  level  of  “hardness”  of  drinking  wa¬ 
ter,  and  occur  naturally  or  are  picked  up 
from  water  treatment  or  distribution  sys- 
tenis.  Hardness  Is  due  primarily  to  the  pres¬ 
ence  of  ions  of  calcium  and  magnesium  and 
is  expressed  as  the  equivalent  quantity  of 
calcium  carbonate  (CaCO,).  Water  contain¬ 
ing  less  than  76  mg/llter  CaCO,  equivalent 
Is  generally  considered  to  be  soft,  and  above 
75  mg/llter  as  hard. 

The  literature  suggests  that  in  the 
United  States  and  other  developed  nations, 
the  Incidence  of  many  chronic  diseases,  but 
particularly  cardiovascular  diseases  (heart 
disease,  hypertension,  and  stroke).  Is  asso¬ 
ciated  with  various  water  characteristics  re¬ 
lated  to  hardness.  Most  of  these  reports  in¬ 
dicate  an  inverse  correlation  between  the 
Incidence  of  cardiovascular  disease  and  the 
amount  of  hardness.  A  few  reports  also  In¬ 
dicate  a  similar  Inverse  correlation  between 
the  hardness  of  water  and  the  risk  of  several 
non-cardiovascular  causes  of  death  as  well. 

Several  hypotheses  have  been  proposed  to 
account  for  the  correlations;  these  mostly 
Involve  either  a  protective  action  attributed 
to  some  elements  found  In  hard  water  or 
harmful  effects  attributed  to  certain  metals 
often  found  In  soft  water. 

The  hypothetically  protective  agents  in¬ 
clude  calcium,  magnesium,  vanadium,  lith¬ 
ium.  chromium,  and  manganese.  The  sus¬ 
pected  harmful  agents  Include  cadmium, 
lead,  copper,  and  zinc,  all  of  which  tend  to 
be  found  In  higher  concentrations  In  soft 
water  as  a  result  of  Its  relative  corrosiveness. 
However,  there  Is  disagreement  over  the  mag¬ 
nitude,  or  even  the  existence,  of  a  “water 
factor”  in  the  risk  of  cardiovascular  disease; 
the  Identity  of  the  specific  casual  factors; 
the  mode  of  action;  and  the  specific  patho¬ 
logical  effects.  The  wide  spectrum  of  alleged 
associated  effects,  the  lack  of  consistency  in 
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theorized  or  reported  etlologlc  factors,  the 
very  small  quantities  of  the  suspected  ele¬ 
ments  In  water  In  comparison  with  other 
sources,  and  the  discrepancies  between 
studies,  raise  serious  questions  as  to  whether 
drinking  water  serves  as  a  vehicle  of  casual 
agents.  Is  an  indicator  of  something  broader 
within  the  environment,  or  represents  some 
unexplained  spurious  associations.  Despite 
these  uncertainties,  the  evidence  Is  sufflclent- 
ly  compelling  to  treat  the  “hard  water  hy¬ 
pothesis"  as  plausible,  particularly  when  the 
number  of  potentially  preventable  deaths 
from  cardiovascular  diseases  Is  considered.  In 
the  United  States,  cardiovascular  diseases 
account  for  more  than  one-half  of  about  two 
million  deaths  that  occur  each  year.  On  the 
assumption  that  water  factors  are  casually 
Implicated,  It  Is  estimated  that  optimal  con¬ 
ditioning  of  drinking  water  could  reduce  this 
annual  cardiovascular  disease  mortality  rate 
In  the  United  States  by  as  much  as  15 
percent. 

In  view  of  this  potential  health  signifi¬ 
cance,  It  Is  essential  to  ascertain  whether 
water  factors  are  casually  linked  to  the  In¬ 
duction  of  cardiovascular  or  other  diseases 
and.  If  BO,  to  Identify  the  specific  factors 
that  are  Involved.  Much  more  definitive  In¬ 
formation  Is  needed  In  order  to  Identify  what 
kinds  of  remedial  water  treatment,  If  any, 
can  be  considered. 

ORGANIC  SOLTTTES 

The  organic  compounds  that  have  been 
Identified  In  drinking  water  make  up  a  small 
fraction  of  the  toted  organic  matter  present. 
About  90  percent  of  the  volatile  organic  com¬ 
pounds  have  been  Identified  and  quantified, 
but  these  represent  no  more  than  10  percent 
by  weight  of  the  total  organic  material.  Only 
5-10  percent  of  the  non-volatile  organic  com¬ 
pounds,  that  comprise  the  remaining  90  per- 
cezkt  of  the  total  organic  material,  has  been 
Identified.  (In  this  context,  volatile  signifies 
that  the  compound  Is  detectable  by  gas 
chromatography. ) 

The  compounds  selected  for  review  In  this 
study  Included  74  non-pesticides  of  the  ap¬ 
proximately  309  volatile  organic  compounds 
so  far  Identified  In  drinking  water,  and  65 
pesticides.  Some  of  the  pesticides  studied 
have  not  yet  been  detected  In  drinking  water, 
but  were  Included  because  they  are  or  have 
been  used  In  large  quantities.  A  compound 
was  selected  for  consideration  if  any  of  the 
following  criteria  applied: 

1.  Ebiperlmental  evidence  of  toxicity  In  man 
or  animals.  Including  carcinogenicity,  muta¬ 
genicity,  teratogenicity. 

3.  Identified  In  drinking  water  at  relatively 
high  concentration. 

3.  Molecular  structure  closely  related  to 
that  of  another  compound  of  known  toxicity. 

4.  Pesticide  In  heavy  use;  potential  con¬ 
taminant  of  drinking  water  supplies. 

5.  Listed  In  the  Safe  Drinking  Water  Act 
or  National  Interim  Primary  Drinking  Water 
Regulations. 

Toxicological  information  about  the  com¬ 
pounds  of  interest  was  variable  In  quality 
and  quantity  and,  in  some  Instances,  Inade¬ 
quate  for  a  proper  assessment  of  toxicity.  In 
evaluating  the  potential  effects  on  health 
of  these  organic  compounds  the  principal 
concern  was  to  assess  their  carcinogenicity. 
At  the  concentrations  found  In  drinking 
water,  none  of  the  compounds  would  be  ex¬ 
pected  to  produce  acute  toxicity,  but  the  ef¬ 
fects  of  long  continued  Ingestion  of  the  car¬ 
cinogens  might  well  become  a  serious  public 
health  problem. 

The  risk  associated  with  ingestion  of  com¬ 
pounds  that  were  Identified  as  carcinogenic 
(to  man  or  animals,  confirmed  or  suspected) 
were  calculated,  to  the  extent  that  data  wtn 
available,  by  the  method  described  in  the 
section  on  Safety  and  Bxtrapolation.  The  re¬ 


sults  of  these  assessments  are  given  In  Table 

1. 

Chronic  toxicity  of  the  compounds  that 
were  Ju^ed  not  be  carcinogenic  was  assessed 
by  calculating,  from  such  experimental  re¬ 
sults  as  were  available.  Acceptable  Dally  In¬ 
takes  (ADI).  These  values  are  given  In  Table 
3,  together  with  estimates  of  maximal 
no-observed-adverse-health-effect  concen¬ 
trations  in  water  that  were  derived  from 
them.  Compounds  that  could  not  be  assessed 
for  lack  of  experimental  evidence  are  listed 
in  Tables  3  and  4. 

The  ADI  •  represents  an  empirically  derived 
value  that  refiects  a  particular  combination 
of  both  knowledge  and  uncertainty  concern¬ 
ing  the  relative  safety  of  a  chemical.  When 
there  Is  more  confidence  about  data  derived 
from  animal  experiments  or  observations  on 
humans  the  uncertainty  factor  is  smaller 
than  when  little  Is  known  about  the  poten¬ 
tial  toxicity  of  a  chemical.  These  numbers  are 
not  meant  to  represent  a  guaranteed  safety 
level,  but  rather  to  Indicate  a  level  at  which 
exposure  to  the  single  chemical  In  question  is 
not  anticipated  to  produce  an  observable 
toxic  response  In  man.  The  ADI  values  do  not 
consider  interactions  (e.g.  synergism,  an¬ 
tagonism)  among  the  many  possible  con¬ 
taminants.  Furthermore  the  ADI  values  do 
not  represent  safe  levels  in  drinking  water, 
because  they  do  not  take  into  account  what 
fraction  of  the  potential  contaminant  Intake 
may  come  from  water. 

Suggested  no-observed-adverse-health-ef¬ 
fects  concentrations  In  water  have  been  cal¬ 
culated  under  two  different  assumptions: 
(1)  That  20  percent  of  total  Intake  of  a 
material  Is  from  water  and  80  percent  from 
other  sources,  and  (3)  that  1  percent  of  total 
Intake  Is  from  water  and  99  percent  from 
other  sources  (See  Table  3).  Similar  calcula¬ 
tions  can  be  made  for  other  materials  dis¬ 
cussed  in  this  report  using  such  data  as  may 
be  available  with  regard  to  concentration  of 
the  contaminant  In  food  or  other  sources. 

Because  the  experimental  data  on  'the  ef¬ 
fects  of  many  substances  are  Inconsistent, 
"no-observed -adverse  health  effect"  levels 
cannot  be  firmly  specified  for  all  organic 
contaminants.  Most  of  the  materials  con¬ 
sidered  have  not  been  studied  sufficiently  to 
firmly  establish  their  carcinogenic  potential 
with  certainty.  The  risk  assessments  do  not 
take  Into  account  interactions  such  as  addi¬ 
tive  toxicity,  synergism,  and  antagonism. 
What  ultimately  may  be  most  important  Is 
the  Interaction  of  these  compounds  with 
each  other  and  with  other  material  In  con¬ 
tributing  to  the  total  body  burden  resulting 
from  multiple  sources  of  contaminant  ex¬ 
posure.  For  these  reasons  the  ADI  Is  Intended 
to  bo  used  only  as  "a  guide  for  assessment  of 
toxicity  from  chronic  exposure.  Furthermore, 
an  ADI  Is  not  meant  to  provide  a  basis  for 
the  continuing  discharge  of  a  compound  Into 
the  environment. 

4 

In  the  present  limited  state  of  our  knowl¬ 
edge  concerning  structure-activity  relation¬ 
ships  for  carcinogenic  and  other  toxic  effects, 
one  cannot  consistently  and  accurately  ex¬ 
trapolate  these  properties  from  one  com¬ 
pound  to  another.  Nevertheless,  in  certain 
instances  (for  example,  the  substitution  of 
bromine  for  chlorine  In  a  halogenated 
methane)  It  Is  presumed  that  the  relation¬ 
ship  is  sufficiently  strong  to  Justify  the  sus¬ 
picion  that  the  related  compounds  may  be 
similarly  toxic. 


1  The  Committee  considered  several  alterna¬ 
tive  terms,  other  than  ADI,  but  concluded 
that  the  IntTxiductloa'of  a  substitute  for  ADI 
might  well  lead  to  confusion.  The  term  "Ac¬ 
ceptable  Dally  Intake"  Is  used  throughout 
the  discussion  because  of  Its  adoption  by  In¬ 
ternational  organizations. 
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The  potential  for  existing  concentrations 
of  organic  pesticides  and  other  organic  con¬ 
taminants  In  drinking  water  to  adversely 
affect  health,  cannot  be  answered  with  cer¬ 
tainty  at  this  time.  The  key  Issue  is  whether 
or  not  certain  organic  chemicals  found  In 
very  low  concentrations  can  cause  or  In¬ 
crease  the  rate  of  cancer  development  In 
man.  Even  though  several  of  these  chem¬ 
icals  have  demonstrated  carcinogenicity  In 
laboratory  animals,  the  extrapolation  of  such 
results  to  man  remains  difficult  for  a  num¬ 
ber  of  reasons. 

Because  of  bloassays  that  have  been  used 
to  establish  carcinogenicity  of  certain  or¬ 
ganic  chemicals  are  conducted  at  doses 
which  are  hundreds  to  thousands  of  times 
greater  than  the  levels  at  which  these  chem¬ 
icals  occur  In  water,  the  risks  at  these  low 
levels  must  be  obtained  by  extrapolation 
from  higher  doses.  There  Is  no  hard  evidence 
that  low  level  oral  exposure  to  any  of  these 
chemicals  produces  cancer.  An  argument  has 
been  made  that  the  dose  levels  used  to  es¬ 
tablish  carcinogenicity  are  so  high  that  they 
overwhelm  normal  detoxification  or  repair 
mechanisms  or  both,  and  produce  cancer  by 
some  mechanism  that  does  not  operate  under 
low  dose  conditions.  Experimental  animals 
subjected  to  such  high  doses  could  be  con¬ 
sidered  a  population  different  from  those  ex¬ 
posed  to  lower  doses  that  do  not  produce 
pathological  alterations  and  changes  In 
pharmacokinetic  parameters,  or  biochem¬ 
istry. 

Extrapolating  from  laboratory  animals  to 
man  would  be  more  meaningful  If  compara¬ 
tive  metabolic  Information  between  the  dif¬ 
ferent  species  were  available.  Some  species 
do  not  metabolize  a  parent  compound  to  Its 
activated  form  so  that  use  of  these  species  In 
toxicological  bloassays  Is  Inappropriate  if  the 
compound  undergoes  activation  In  man.  Thf 
converse  situation  also  Is  true.  Difference 
may  also  occur  with  respect  to  other  param¬ 
eters  such  as  rates  of  blotransformation,  ab¬ 
sorption,  excretion,  and  biological  half  life 

Risk  assessments  based  on  extrapolations 
which  fall  to  consider  species  differences 
with  respect  to  sensitivity,  tissue  suscepti¬ 
bility,  kinetics,  pathology  or  blotransforma- 
tlon  pathways  may  be  Inappropriate.  This 
kind  of  Information  Ls  not  presently  avail¬ 
able. 

In  light  of  such  uncertainties,  a  cautious 
approach  must  be  adopted  when  dealing  with 
potentially  harmful  chemicals.  Even  more 
uncertainty  exists  when  one  considers  the 
possibility  that  some  of  these  chemicals  may 
also  be  mutagenic  or  teratogenic.  The  meth¬ 
odologies  used  to  establish  these  effects  are 
even  less  applicable  to  man  than  cancer  blo¬ 
assays. 

For  many  of  the  organic  compounds  Iden¬ 
tified  In  drinking  water,  virtually  no  tox¬ 
icity  data  are  available.  Ideally,  all  of  these 
agents  (as  well  as  any  new  ones)  should  be 
subjected  to  an  extensive  battery  of  toxicity 
tests  Including  chronic  bloassay.  In  practice, 
there  Is  a  need  to  determine  those  agents  for 
which  the  generation  of  data  Is  most  press¬ 
ing.  Several  criteria  are  Important  for  the 
development  of  an  order  of  priority  for  test- 
ing. 

The  main  factors  Identified  In  the  assign¬ 
ment  of  priorities  are: 

1.  The  relative  concentrations  of  the  com¬ 
pounds  and  the  number  of  people  likely  to  be 
exposed  as  well  as  the  Identity  of  defined  stib- 
populatlons  exposed, 

3.  The  number  of  water  systems  In  which 
they  occur, 

3.  Positive  responses  to  In  vitro  mutagenic 
screening  systems, 

4.  Positive  reqxmses  to  In  vitro  carcinogen 
pre-screens  (mammalian  cell  transforma¬ 
tions), 

6.  Similarity  of  chemical  structure  of  the 
test  compound  to  those  of  other  compounds 
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having  defined  toxic  properties  (l.e.  struc¬ 
ture-activity  relationships)  and 
6.  Relationship  of  dose  from  water  to 
total  body  burden. 

A  number  of  assays  using  bacteria  and 
yeast  have  shown  promise  In  yielding  high 
correlaUons  between  mutagenic  activity  and 
known  carcinogenic  activity  for  certain 
classes  of  materials.  These  may  prove  to  be 
useful  in  establishing  a  first  level  screen 
for  potential  carcinogens. 

CONCLUSIONS 


ADTs.  These  are  summarized  In  Table  2. 
Occasionally  the  ADl  was  calculated  from 
partial  lifetime  exposure  studies  when  no 
other  data  were  available.  Toxicity  was  meas¬ 
ured  by  various  responses. 

The  health  effects  of  many  compounds  of 
Interest  could  not  be  assessed  because  toxico¬ 
logical  Information  about  them  was  Inade¬ 
quate  or  unavailable.  These  compounds  are 
listed  In  Tables  3  and  4.  together  with  their 
reported  occurrence  In  drinking  water  In  the 
United  States. 


Carcinogenicity .  Table  1  lists  the  organic 
contaminants  for  which  positive  data  on 
carcinogenesis  exist.  For  these  compounds, 
where  adequate  (lifetime)  feeding  studies 
were  available,  a  statistical  extrapolation  of 
risk  was  performed.  The  method  Is  de¬ 
scribed  In  the  section  on  Safety  and  Extrap¬ 
olation.  Hie  numbers  In  Table  1  are  upper 
95  percent  confidence  estimates  of  cancer 
risk  to  man  from  a  lifetime  of  exposure  to 
a  particular  compound.  These  estimates 
have  been  corrected  for  Interspecific  differ¬ 
ences  (that  is.  between  the  experimental 
animal  and  man  on  the  basis  of  relative  sur¬ 
face  area. 

Bacterial  Mutagenicity.  In  addition  to  ex¬ 
amining  data  from  animal  feeding  studies 
for  the  identification  of  suspect  carcinogens, 
data  for  mutagenesis  in  bacteria,  or  other 
test  systems  were  also  examined.  Available 
data  are  summarized  as  follows :  ( 1 )  Benzo- 
(a)  pyrene,  chlorodlbromomethane.  Captan, 
and  Folpet  have  been  found  to  be  muta¬ 
genic;  (2)  Bromoform  and  vinyl  chloride, 
weakly  mutagenic;  (3)  Carbon  tetrachloride, 
brcMnobenzene,  nicotine.  DDE.  dleldrin.  car- 
baryl  and  trlflurallne.  non-mutagenic. 

Teratogenicity.  Data  on  teratogenic  poten¬ 
tial  exist  for  24  of  the  compounds  under 
study.  Hexachlorophene,  nicotine,  the 
pbthalate  esters.  2.4-D.  2,4.5-T,  and  Folpet 
have  been  shown  to  be  teratogens,  while 
benzene.  benzo( a)  pyrene,  carbon  tetrachlo¬ 
ride.  PCB's.  Captan,  Carbaryl,  Chlordan. 
DDT,  Kepone,  Malathlon,  Methylparathlon, 
Mlrex,  Paraquat,  and  Parathlon  have  been 
reported  to  be  non-teratogenlc.  Nowhere  Is 
the  paucity  of  toxicologic  data  more  evident 
than  In  the  data  on  teratogenesls. 

Mon-Carcinogenic  Toxicity.  For  45  com¬ 
pounds  there  were  sufficient  data  to  calculate 


T.mii.k  1. — Categorice  of  known  or  .lue- 
prctcd  organic  chemical  carcinogi^ 
found  in  drinking  trater 


1 1  ighest 

Upper  05  pet 

observed 

(«nfldence 

concentrw 

estimate  of 

t  ions  in 

lifetime  canoar 

linished 

risk  per 

wafer 

(micrograra 

(microEram 

l>er  liter)  > 

per  liter) 

Iliinian  carcinogen:  vinyl 

chloride.. . 

Suspected  human  carcin- 

10 

.5.1X10-* 

ofteiis; 

itenzene. . 

10 

(*) 

Uehzo(a)pyrene _ 

(•) 

(*) 

Animal  carcinogens; 

Dieldrin . 

R 

2.6X10-* 

(•) 

4.4X10-4 

(•) 

.1 

4.sX10-« 

Phlordane . . 

I.RX10-* 

DDT . 

(») 

1.2X10-* 

Lindane  (y-BUC) _ 

.01 

9.:iX10-4 

a-niic . 

(*) 

fs-IXlO^ 

fl-BlIC . 

(*) 

4. 2X10-4 

PCB  (Aroclor  lasO).. 

3 

.1.1X10-4 

EXIT . 

(») 

2.2X10-4 

(^hlaroiorm.. . . 

3GS 

3.7X10-4 

<  'arbontetrachloride.. 

ft 

1.5X1(^ 

PCNB . 

(») 

1.4X10^ 

Trichloroethylene _ 

Diphenylbydracine. . 

.3 

1 

(•) 

1. IX 10-4 
<‘) 

Suspected  animal  carcin- 

of^ns! 

Bis(3-chloroetbyl)- 

1.2X10^ 

.42 

.08 

(4) 

Aeptachlor  epoxide... 

(*) 

(«) 

I  See  text  for  details. 

*  Detected  but  not  qiiantifled. 

•  Not  detected. 

<  Insufficient  data  to  permit  a  .statistical  eztrapolatloa 
of  risk. 


Tabuc  2. — Organic  pcfttidden  and  other  organic  contaminant*  4»i  drinking  tcater, 
concentration,  toxicity,  .ADI  and  tuggeeted  no  adverse  effect  level* 


'  Compound 

.Maximum 
olxserv  ed 
i-oncen- 
trations  in 
water 

(inicrogram 
l>er  liters 

Maximiun 
dose  pro¬ 
ducing  no 
observed 
adverse 
effect 
(milligram 
[ler  kilogram 
per  day) 

Uncertainty 
betur ' 

ADI  • 
(iiulligram 
|>er  kilogram 
per  day) 

Suggested  no  adverse  effect 
level  from  water,  mlc»v 
gram  per  liter  assump¬ 
tions  * 

1 

2 

2.4-D . 

0.04 

12.5 

1.000 

a  0125 

87.5 

4.4 

2.4,i>-T . 

TCDD . . 

MO.O 

foo 

.1 

700 

35 

10-4 

100 

10-' 

7X10-4 

8.5X10-4 

2.4,5-TP . 

(4) 

.7.5 

1,000 

*.00075 

5.25 

.28 

MCPA . . 

1.2.5 

1,000 

.00125 

8.75 

.44 

Amlben... . . . . 

1,000 

.25 

17.50 

Dicam  ba . . 

1.25 

1.000 

.001125 

8.75 

Alachlor . 

2.9 

100 

1.000 

.1 

700 

35 

Butacblor . 

.06 

10 

1.000 

.01 

70 

3.5 

i'roparhlor . . . 

100 

1.000 

.  1 

7t» 

35 

I’robaniL . 

20 

1,000 

.02 

140 

7 

Aldicarb . 

•  .1 

100 

.«)! 

7 

.35 

Bromacil _ _ 

12.5 

1,000 

.0125 

87.5 

4.4 

Paraquat . 

TYilliuatin  (also  for  Nitralin 

8.5 

1,000 

.0085 

59.5 

Z98 

and  Bene&n) . . . 

(4) 

10 

100 

.1 

700 

3S 

Metboxychlor . . . 

10 

ion 

.  1 

700 

36 

Toxaphen . . . . . 

1.25 

1,000 

.00125 

8.75 

.44 

Ati  nphosmetbyl _ _ _ 

.125 

»• 

.0125 

87.5 

4.4 

Diasinon . 

.03 

10 

.002 

14 

.7 

Phorate  (also  for  DisuUoton)... 

.01 

lU) 

.0001 

.7 

.085 

CarbaryL _ _ _ 

8.2 

12.5 

100 

1,000 

1,000 

.082 

.0125 

574 

87.5 _ 

28.7 

Caotao _ •. . 

. 

HCB _ 

SO 

.05 

350 

17.6 

100 

1,000 

.18 

1.120 

68 

6 

1 

1,000 

.001 

7 

.35 

PDB . 

1 

13.4 

1,000 

.0134 

03.8 

4.7 

/ 
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CompooiMl 

Maxlmom 
obeerved 
oonceo- 
Uationa  in 
water 

(rnkTagram 
per  Uter) 

Maxim  mn 
does  pro* 
dudng  no 
obaerved 
adveraa 
effect 
(milligram 
|ier  kilogram 
per  day) 

Uncertainty 
lactor  > 

ADI  • 
(mllUgrane 
par  kUogram 
per  day) 

Rnggeeted  no  adverxe  effect 
level  fixMn  water,  micro- 
gram  per  Uter  aeum|>- 
Uone* 

1 

2 

rAralhion  (and  methyl  para¬ 
thion . . . . 

.04.1 

10 

.004.1 

10 

1.5 

Malathion _ 

.2 

10 

.02 

140 

7 

Manrb  (and  xineb) _ 

5 

1,000 

.006 

1. 7i» 

'rtiiram . . . . 

ft 

1,000 

.00.5 

:ir» 

1.7.5 

Atraxiiie _ 

5.0 

21. 5 

1.000 

.021.5 

150 

7.5 

I'ropaxlnp _ 

SInutxiae _ _ 

(•) 

4«.4 

1,000 

.04«4 

:tjf> 

10 

(*) 

21.5 

1,000 

.215 

1.505 

75.  'ih 

Dl-n-liulyl  plithalate . 

D1  (2-c’thyl  nexyl)  phthalato... 

ft 

110 

1,000 

.11 

770 

liH.S 

10 

OO 

UHI 

4,200 

210 

Ilrxarhlorophime _ _ 

.01 

1 

100 

1.000 

.001 

7 

.Methyl  mKhacrylale . . 

iVntai'hloruphpiiiil... . . 

1 

1.000 

.1 
•  ooa 

700 

1.4 

a 

laa 

1.0(N) 

21 

1  0.5 

StyriTiP . . 

1 

1,000 

.1113 

•lai 

40. 5 

>  I'no'rtainty  factor — theiactor  of  lOwaii  us«d  wherr  good  chronic  human  ex  (insure  data  wasavailableandxupimrted 
liy  ctironic  oral  toxicity  ilata  in  otiinr  sficcies,  the  factor  of  100  was  used  wlicre  koo<1  chronic  oral  toxicity  data  were 
available  in  some  animal  siiecles,  and  the  factor  of  1,000  was  used  witli  limited  clirouic  toxicity  data  or  when  the  only 
data  available  were  from  inhalation  atudira. 

»  Acce[)tabledailylntake(Al>I)— maximum  doee  producing  no  observed  adverse  effect  divided  by  the  uncertaiaty 
factor. 

*  Assumptions:  Average  weight  of  human  adult>70  kg.  Average  daily  intake  of  water  for  man  -'J  liters. 

1 .  20  (let  of  total  ADI  assigned  to  water.  RO  pet  from  ot her  sources. 

2.  I  pet  ot  total  ADI  assigned  to  water.  OH  pet  from  other  source.s. 

*  Detected  but  not  quantified. 

*  Detected. 


Tabi,k  I?. — Organic  pcxticidex  and  other 
organic  contaminants  found  in  drinking 
water,  icith  insuffloient  data  on  chronic 
toxicity 


Highest 
coniwntration 
in  finished 
water 

(microgram 
|ier  liter) 


Acetaldehyde . 

Acrolein . 

Ilromobeniene . 

Hromoform . 

Tarbon  disulllde . 

Chloral . 

Chlorobentene . 

f'yanogen  chloride . . . 

1.2- Dichloroethane _ 

2. 4-  D  i  chlorophenol  — 

2.4- DimethyIphenol . . 

e-Ca(irolactam . 

1 1 exai'hloroet  hane _ 

0-Methoxy(ihenol _ 

Methyl  chloride . 

Methylene  chloride... 
I'heny  lacetic  peid .... 
1‘hthalic  anhydride. . 

rropylbeniene. . 

t-Butyl  alcohol . 

Tetrach  loroethane . . . . 
'I’etrachloroethyleno. . 

Toluene . 

Trichlorobenxene _ 

1 . 1 .2- TrichIoroethane. 

Nicotine . 

Methomyl . 

Cyanaxine . 

xylene . 


0.1 


(‘) 

(•) 

0) 

.5.0 

5.6 

-  .1 

21.0 

a&o 

(') 

(') 

4.4 

(') 

(0 

7.0 

4.0 

(') 

<5.0 

.01 

4.0 

<.5.0 

11.0 

1.0 

(•) 

3.0 

(•) 

<5.0 

<  Detected  but  not  quantified. 


Taiii.k  4. — Organic  contaminants  found  in 
drinking  water;  information  on  chronic 
toxicity  lacking 


Hlgheet 


Highest 


concentration  concentration 
in  raw  water 


('0III|Hllllld 

in  finished 
water  (micro- 
gram  |>er  liter) 

1,2- Ills  (chloropthoxy) 
ethane . . 

0.03  .. 

Bis(2  chloroisopropyl) 
ether . . . . 

1..58  . 

Bromoclilorobenienee . . 

(■) 

Bromodichloro- 
methane . . 

116 

Butyl  bromide . . 

(•) 

t’hloroethyl  methyl 

(') 

Ctilorodibromo- 

100 

Clilorohydruxybonio- 

(') 

Cfilorometliyl  ethyl 

0) 

Chloropropene . . 

(•) 

(Totonaldehydt . . 

5.0  . 

I  iibromobenxene . . 

0) 

Dibromodichloro- 
ethane . . 

a63  . 

1 ,3-  Dlclilorolx'iixeneJ. .. 

<3.0  . 

I  liehlorodiOuoroethana. 

0) 

Dlehloroiodomethane... 

0.5  . 

1 , 1- Dlchloro-2-hexano. .. 

1.0  . 

1 ,2-1  >ichIoro|>ro|]ane _ 

<1.0  . 

1 ,3-  Ui('hloro(jrop«ine. .  .. 

<1.0  . 

l,2-I)imethoxy- 

0) 

4,6-Dinltro-2- 
aniiiio()hennl . . 

0) 

Diuctyladipate _ : _ 

l».0  . 

Hexacliloro-1,3- 
biitadlene . . 

0.07  . 

Isodecane _ 

6.0  . 

Met  achkHxmi  troben- 

(*) 

Methylslearate . . 

(‘) 

Nonane _ 

4.0  . 

Octyl  chloride _ 

0) 

Pontachlorophenyi 

methyl  ether. _ _ 

1 ,1 ,3,3-Tetracbloro- 

at  . 

1.0 

2,4,6-Trlchloropbeaol _ 

O 

Trimetbylbentene _ 

Cl  _ 

•  Detected. 


REStiARCH  RECOMMENDATIONS 

1.  Because  great  uncertainty  exists  in  con¬ 
nection  with  extrapolation  of  data  from  the 
present  cancer  bloassays,  better  premises  and 
methodologies  are  needed  to  establish  the  ex¬ 
tent  to  which  humans  are  at  risk  from  the 
low  level  exposures  to  organic  substances  In 
water.  There  Is  a  need  to  know  the  extent  to 
which  low  level  exposure  to  a  presumed 
carcinogen  does  In  fact  Increase  the  proba¬ 
bility  of  cancer  during  the  lifetime  of  an 
individual. 

It  Is  recommended  that  work  be  done  to 
better  characterize  current  animal  models 
and  also  develop  new  ones.  Studies  on  the 
comparative  metabolism  between  laboratory 
animals  and  man  are  urgently  needed.  It  Is 
necessary  to  know,  for  example.  If  a  labora¬ 
tory  animal  metabolizes  a  test  compound  In 
the  same  manner  and  rate  as  man.  Better 
mutagenicity  bloassays  using  mammalian 
cells  should  be  developed.  More  work  is 
needed  in  the  area  of  interactions  and  syner¬ 
gism  which  these  assay  systems  could  more 
easily  accommodate. 

2.  Organic  material  In  water  is  thought  by 
many  to  be  responsible  for  contributing  the 
Initial  reactants  for  many  potentially  harm¬ 
ful  contaminants.  To  this  end  total  organic 
carbon  (TOC)  In  drinking  water  supplies 
must  be  better  characterized  and  more  ex¬ 
tensively  determined.  Because  some  halogen- 
ated  compounds  are  formed  by  chlorination 
of  naturally  occurring  organic  substances  re¬ 
search  on  methods  for  destruction  or  removal 
of  organic  precursors  of  halogcnated  com¬ 
pounds  prior  to  chlorination  would  lead  to 
reduction  in  chlorinated  products  and  their 
accompanying  health  hazards. 

'3.  Epidemiologic  studies  to  obtain  quanti¬ 
tative  measures  of  association  between  the 
frequency  of  malignant  disease  In  humans 
and  exposure  to  specific  organic  compounds 
found  in  drinking  water  are  needed.  In  par¬ 
ticular,  ways  are  needed  to  develop  useful 
epidemiologic  data  from  examination  of  small 
populations  of  individuals  occupationally  ex- 
(K>sed  to  drinking  water  contamlnanta.  A 
major  effort  now  needs  to  be  directed  at  de¬ 
termining  the  health  status  of  workers  In 
Industries  where  there  Is  occupational  ex¬ 
posure  to  compounds  Identified  as  animal 
carcinogens. 

More  accurate  record  keeping,  a  national 
death  index,  and  more  reliable  analytical 
methods  to  monitor  environmental  exposure 
are  needed. 

4.  There  Is  a  need  for  more  and  better 
toxicological  data,  on  compound%  which 
could  not  be  evaluated  at  this  time,  especially 
creosote,  methyl  parathion, .  and  acrolein  all 
of  which  .are  high  use  pesticides.  Data  are 
needed  in  the  area  of  low  level,  chronic  <llfe 
time)  exposures.  Studies  should  include  ex¬ 
posure  to  formulated  products  (l.e.  mixtures) 
as  well  as  pure  compound. 

5.  There  should  be  a  periodic  re-evalua- 
tlon  by  newer,  more  sensitive  and  more  pre¬ 
dictive  methodologies  of  these  pesticides  used 
In  large  volume. 

DEFINITIONS 

The  Safe  Drinking  Water  Committee 
adopted  the  following  w<N‘king  definltlone 
prior  to  its  review  of  the  scientific  literature 
of  organic  contaminants: 

Carcinogen.  The  term  carginogen  la  used 
In  Its  broad  sense,  because  In  most  of  the 
current  human  epidemiologic  approachee 
and  certain  animal  bloassays  It  Is  not  pos¬ 
sible  to  differentiate  clearly  between  Inltl- 
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atlng  agents,  promoting  agents,  and  certain 
modifying  factors.  Any  factor  or  combina¬ 
tion  of  factors  which  Increases  the  risk  of 
cancer  In  humans  Is  of  concern  regardless 
of  Its  mechanism  of  action.  The  criteria 
listed  here  aj^ly  only  to  chemical  agents. 

A  malignant  ne<^laBm  Is  composed  of  a 
peculation  of  cells  displaying  progressive 
growth  and  varying  degrees  of  autonomy 
and  cellular  atypla.  It  displays,  or  It  has 
the  capacity  tar.  Invasion  of  normal  tissues, 
metastases,  and  causing  death  to  the  host. 
Benign  neoplasms  are  a  lees  autonomous 
population  of  cells  and  exhibit  little  or  no 
cellular  atypla  or  Invasion  of  normal  tissues 
and  do  not  metastasize.  In  particular  cases, 
however,  ben^n  neoplasms  may  endanger  the 
'life  of  the  host  by  a  variety  of  mechanisms. 
Including  hemorrhage,  encroachment  on  a 
vital  ewgan,  ex'  unregulated  hormone  pro¬ 
duction.  The  cytologic  and  histologic  criteria 
utilized  In  determining  whether  a  lesion  Is 
benign  or  malignant  differ  depending  upon 
the  tissue  In  which  the  neoplasm  arises. 
Evaluation  of  whether  a  ^>eclflc  lesion  Is 
benign  or  malignant  should  therefore,  fol¬ 
low  standard  criteria  used  by  experimental 
oncologists  and  pathologists  with  the  em¬ 
phasis  on  correlation  of  the  hlstopath<^oglc 
pattern  with  the  biologic  behavlcM'  of  the 
lesion  or  type  of 'lesion.  In  equivocal  cases, 
the  diagnosis  of  a  specific  lesion  may  re¬ 
quire  a  panel  of  experts;  recognizing  that 
they  may  not  always  agree. 

Depending  upon  the  particular  case, 
benign  nec^lasms  may  represent  a  stage  In 
the  evolution  of  a  mallg;nant  neoplasm  and 
In  other  cases  they  may  be  “end  points" 
which  do  not  readily  undergo  transition  to 
malignant  neoplasms.  ^ 

A.  CRITERIA  IN  HUMAN  STUDIES 

An  agent — which  may  comprise  a  combina¬ 
tion  of  chemicals — is  carcinogenic  In  man  If 
It  Increases  the  Incldmce  of  malignant  neo¬ 
plasms  (or  a  cinnbination  of  benign  and 
malignant  neoplasms)  In  humans  to  levels 
that  are  significantly  higher  than  those  In  a 
comparable  group  not  exposed  (or  exposed 
at  a  lower  dose)  to  the  same  agent.  If  all  of 
the  Induced  neoplasms  are  benign,  rather 
than  malignant,  then,  for  the  reasons  given 
elsewhere  In  this  document,  the  agent  must 
be  considered  a  possible  carcinogen  and  ft 
should,  therefore,  be  very  carefully  evaluated 
as  a  health  hazard. 

Types  of  evidence  suggesting  that  an  agent 
Is  carcinogenic  In  humans  Include;  Neoplas¬ 
tic  response  directly  related  to  exposure 
(both  duration  and  dose);  Incidence  and 
mortality  differences  related  to  occupational 
exposure;  Incidence  and  mortality  differences 
between  geographic  regions  relate<>  to  dif¬ 
ferent  exposures  rather  than  genetic  dlffw- 
ences  and/m  altered  Incidence  In  migrant 
p<^ulatlone;  time  trends  in  incidence  or 
mortality  related  to  either  the  Introduction 
or  removal  of  a  specific  agent  from  the  en¬ 
vironment;  case  control  studies;  and  the  re¬ 
sults  of  retrospective-prospective  and  pro¬ 
spective  studies  of  the  consequences  of  hu¬ 
man  exposure.  Clinical  case  reports  may  also 
provide  early  warning  of  a  potential  car¬ 
cinogen.  Negative  epidemiologic  data  may 
not  establish  the  safety  of  su^iected  mate¬ 
rials.  Negative  data  on  a  given  agent  obtained 
from  extensive  epideiplologlc  studies  of  suffi¬ 
cient  duration  are  useful  for  Indicating  iqi- 
per  limits  for  the  rate  at  which  a  specific 
type  of  exposure  to  that  agent  could  affect 
the  Incidence  and/w  mortality  of  ^>ecific  hu¬ 
man  cancers. 

B.  CRITERIA  IN  EXPERIMENTAL  ANIMAL  STUDIES 

The  carcinogenicity  of  a  substance  Is  es¬ 
tablished  when  the  administration  to  groups 
of  animals  In  adequately  designed  and  con¬ 
ducted  experiments  results  In  Increases  In 
the  Incidence  of  one  or  more  types  of  malig¬ 


nant  neoplasms  (or  a  combination  of  benign 
atid  malignant  neoplasms)  In  the  treated 
groups  as  compared  to  control  groups  main¬ 
tained  under  Identical  conditions  but  not 
given  the  test  compound.  The  Increased  In¬ 
cidence  of  neoplasms  In  one  or  more  of  the 
experimental  groups  should  be  evaluated 
statistically  for  significance,  and  the  only 
major  experimental  variable  between  the 
control  and  the  experimental  group  should 
be  the  absence  or  presence  of  the  single  test 
agent.  Such  Increases  may  be  regarded  with 
greater  confidence  If  positive  results  are  ob¬ 
served  In  more  than  one  group  of  animals 
or  In  different  laboratories.  The  demonstra¬ 
tion  that  the  occurrence  of  neoplasms  fol¬ 
lows  a  dose-dependent  relationship  provides 
additional  evidence  of  a  positive  result. 

The  occurrence  of  benign  neoplasms  raises 
the  strong  possibility  that  the  agent  In  ques¬ 
tion  Is  also  carcinogenic  since  compounds 
that  induce  benign  neoplasms  frequently 
Induce  malignant  neoplasms.  In  addition, 
benign  neoplasms  may  be  an  early  stage  In 
a  multi-step  carcinogenic  process  and  they 
may  progress  to  malignant  neoplasms;  also, 
benign  neoplasms  may  be  an  early  stage  In 
the  health  and  life  of  the  host.  For  these  rea¬ 
sons,  If  a  substance  Is  found  to  Induce  be¬ 
nign  neoplasms  In  experimental  animals  It 
should  be  considered  a  potential  human 
health  hazard  which  requires  further  evalu¬ 
ation.  In  experiments  where  the  Increased 
Incidence  of  malignant  neoplasms  In  the 
treated  group  is  of  questionable  significance, 
a  parallel  Increase  In  Incidence  of  benign 
tumors  In  the  same  tissue  adds  weight  to 
the  evidence  for  carcinogenicity  of  the  test 
substance  (from  General  Criteria  for  As¬ 
sessing  the  Evidence  for  Carcinogenicity  ot 
Chemical  Substances.  Report  of  the  Sub¬ 
committee  on  Environmental  Carcinogene¬ 
sis  NCI,  1976) . 

Mutagen.  A  chemical  that  is  capable  of 
producing  a  heritable  change  In  genetic 
material.  These  changes  may  be  either  point 
mutations  or  chromosomal  mutations  and 
can  occur  in  either  somatic  or  germ  cells. 

Teratogen.  An  agent  which  acts  during 
pregnancy  to  produce  a  physical  or  func¬ 
tional  defect  In  the  developing  offspring. 

Organoleptic  test.  The  use  of  odor  and 
taste  thresholds  to  establish  permissible 
levels  of  exposure  to  chemicals. 

Adverse  Response.  "With  increasing  dosage 
in  the  continuum  of  the  dose-response  rela¬ 
tionship,  the  region  Is  generally  entered 
where  the  effects  are  clearly  adverse.  Thus, 
adverse  effects  may  be  defined  as  changes 
that: 

1.  Occur  with  Intermittent  or  continued 
exposure  and  that  result  in  Impairment  of 
functional  capacity  (as  determined  by  ana¬ 
tomical,  physiological,  and  biochemical,  or 
behavioral  parameters)  or  In  a  decrement  of 
the  ability  to  compensate  for  additional 
stress: 

2.  Are  Irreversible  during  exposure  or  fol¬ 
lowing  cessation  of  exposure  If  such  changes 
cause  detectable  decrements  In  the  ability 
organism  to  maintain  homeostasis;  and 

3.  Enhance  the  susceptibility  of  the 
organisms  to  the  deleterious  effects  of  other 
environmental  Influences." 

(From  the  NAS  publication.  Principles 
for  Evaluating  CThemlcals  In  the  Environ¬ 
ment,  1976) 

Toxicity.  The  Intrinsic  quality  of  a  chemi¬ 
cal  to  produce  an  adverse  effect.  The  term 
Includes  capacity  to  Induce  teratogenic, 
mutagenic,  and  carcinogenic  effects. 

Safety.  "Safety  Is  the  practical  certainty 
that  Injury  will  not  result  from  the  substance 
when  used  In  the  quantity  and  In  the  man¬ 
ner  proposed  for  Its  use." 

(From  Evaluating  the  Safety  of  Food 
ChMnlcals,  NAS,  1970) 

Rvatouttion  of  Safety.  "An  estiinatlon  of 
the  potential  of  the  aubetance  to  cause  Injury 


and  review  and  evaluation  of  sufficient  data 
to  '.varrant  a  conclusion  that  the  conditions 
of  pioposed  use  will  provide  an  Intake  so  low 
In  relation  to  the  toxic  dose  that  there  Is  a 
practical  certainty  no  harm  can  result” 
(from  FDA  Papers,  November,  1971) 

For  the  purpose  of  this  study  the  proposed 
use  was  limited  only  to  exposure  from  drink¬ 
ing  water. 

Safety  Factor  or  Uncertainty  Factor.  A 
number  that  reflects  the  degree  or  amount  of 
uncertainty  which  must  be  considered  when 
experimental  data  In  animals  are  extrapo¬ 
lated  to  man.  When  the  quality  and  quantity 
of  data  are  high  the  uncertainty  factor  Is  low 
and  when  data  are  Inadequate  or  equivocal, 
the  uncertainty  factor  must  be  larger. 

The  following  general  guidelines  have  been 
adopted  In  establishing  the  uncertainty 
factors. 

1.  Valid  experimental  results  from  studle.s 
on  prolonged  Ingestion  by  man,  with  no  In¬ 
dication  of  carcinogenicity.  Uncertainty  Far. 
tor  =10 

2.  Experimental  results  of  studies  of  hu¬ 
man  Ingestion  not  available  or  scanty  (e  g., 
acute  exposure  only).  Valid  results  of  long¬ 
term  feeding  studies  on  experimental  ani¬ 
mals  (w  In  the  absence  of  human  studies, 
valid  animal  studies  on  one  or  more  species. 
No  Indication  of  carcinogenicity.  Uncertain¬ 
ty  Factor=100 

3.  No  long-term  or  acute  human  data 
Scanty  results  on  experimental  animals.  No 
Indloatlcm  of  carcinogenicity.  Uncertainty 
Factor=  1,000 

These  uncertainty  factors  are  used  In  every 
case  as  a  divisor  of  the  highest  reported 
long-term  dose  that  la  observed  not  to  pro¬ 
duce  any  adverse  effect. 

carcinogens:  categories  in  table  i. 

Human  Carcinogen — Based  on  strong  epi¬ 
demiological  evidence  and  toxicological  stu¬ 
dies  In  animals. 

Suspected  Human  Carcinogens — Based  on 
limited  epidemiological  evidence  In  man  and 
equivocal  toxicological  studies  In  animals. 

Animal  Carcinogens — Based  on  toxicologi¬ 
cal  studies  In  at  least  one  species  of  animal 

Suspected  Animal  Carcinogens — Based  on 
equivocal  toxicological  studies  In  animals  or 
on  a  structural  similarity  to  a  known  car¬ 
cinogen. 

RAblOACnvITT  IN  DRINKING  WATER 

Everyone  Is  exposed  to  some  natural  radia¬ 
tion  that  comes  from  both  cosmic  rays  and 
terrestrial  sources.  Although  there  are  large 
geographic  variations  In  the  amount  of  nat¬ 
ural  background  radiation,  the  average  back¬ 
ground  dose  In  the  United  States  Is  about 
100  mrem/year.  A  small  pri^ortion  of  this 
unavoidable  background  radiation  comes 
from  drinking  water  that  contains  radionu¬ 
clides. 

By  far  the  largest  contribution  to  the  ra¬ 
dioactivity  In  drinking  water  comes  from 
potasslum-40,  which  Is  present  as  a  constant 
percentage  of  total  potassium.  Only  a  small 
percentage  of  the  total  potasslum-40  body 
burden,  however,  comes  from  drinking  wa¬ 
ter.  The  total  body  dose  from  other  possible 
radioactive  contaminants  of  water  constitutes 
a  small  percentage  of  the  background  radia¬ 
tion  to  which  the  population  Is  exposed.  Al¬ 
though  the  amounts  of  Individual  radioactive 
contaminants  fluctuate  from  place  to  place, 
calculations  made  f<M'  a  h3q>othetlcal  water 
supply  that  might  be  typical  for  the  United 
States  have  shown  that  a  total  soft-tissue 
dose  of  only  0.24  mrem/yefu-  wotild  be  con¬ 
tributed  by  all  the  radionuclides  found  in 
the  water.  Even  with  rather  wide  fluctuations 
in  the  concentrations,  the  total  contribution 
of  the  radionuclides  will  remain  very  small. 

Howevor,  bone-se^lng  radionuclides — such 
as  strontlum-00,  radlum-336,  and  racHum- 
228 — account  for  a  somewhat  larger  propor- 
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tlun  of  the  total  bone  doee.  This  Is  particu¬ 
larly  true  for  the  two  Isotopes  of  radium 
because  they  emit  hlgh-llnear-energy-trans- 
fer  (LET)  radiation,  and  because  certain 
restricted  localities  have  been  found  to  have 
rather  high  concentrations  of  radium  In 
drinking  water.  Nevertheless,  In  the  hypo- 
thetcal  typical  water  supply,  less  than  10  per¬ 
cent  of  the  annual  background  dose  comes 
from  such  radiation.  It  has  also  been  esti¬ 
mated  that  the  total  population  exposed  to 
levels  of  radium  greater  than  3  pCl/llter  la 
about  a  million  people.  About  120,000  people 
are  exposed  to  radium  at  levels  greater  than 
0  pCI/llter. 

Rlsic  estimates  were  made  of  three  kinds 
of  adverse  health  effects  that  radiation  could 
produce:  developmental  arid  teratogenic  ef¬ 
fects,  genetic  effects,  and  somatic  (chiefly 
carcinogenic)  effects. 

DEVELOPMENTAL  AND  TERATOGENIC  EFFECTS 

The  developing  fetus  Is  exposed  to  radia¬ 
tion  from  radionuclides  In  drinking  water 
for  nine  months.  Thus,  the  total  dose  ac¬ 
cumulated  by  the  fetus  will  be  very  small. 
Furthermore,  although  the  fetus  Is  sensitive 
to  the  effects  of  radiation  In  some  stages  of 
development,  these  periods  are  sharply  lim¬ 
ited  and  extremely  short.  For  this  reason, 
too,  the  total  dose  administered  that  could 
have  possible  developmental  and  teratogenic 
effects  would  be  extremely  small.  Current 
concentrations  of  radionuclides  In  drinking 
water  lead  to  doses  of  about  one  five-thou¬ 
sandth  of  the  lowest  dose  at  which  a  devel¬ 
opmental  effect  has  been  found  In  animals. 
Therefore,  the  developmental  and  terato¬ 
genic  effects  of  radionuclides  would  not  be 
measurable. 

GENETIC  EFFECTS 

It  has  been  estimated  that  there  are  about 
94,400  genetic  diseases  per  million  live  births 
in  the  United  States.  The  maximum  permis¬ 
sible  dose  of  man-made  radiation  for  the 
general  population  (170  mrem/year)  has 
been  estimated  to  Increase  this  number  in 
the  first  generation  by  170-216,  with  an  un¬ 
likely  upper  limit  of  4,260.  On  the  basis  of 
a  30-year  generation  and  3.6  million  live 
births  per  year  In  the  United  States,  we 


would  expect  the  0.24  mrem  .soft-tissue  d?>.se. 
or  gonad  dose,  to  lead  to  0.0098  additional 
cases  of  genetic  disease  per  million  live  births 
per  year  or  0.036  additional  cases  of  genetic 
disease  In  the  United  States  per  year.  Even 
at  the  unlikely  extreme  upper  limit  of  pos¬ 
sible  genetic  effects  of  radiation  of  around 
4.000  extra  cases  In  the  first  generation, 
there  would  still  be  less'than  one  additional 
case  In  the  94,400  X  3.6  =  340,000  live  births 
with  genetic  defects.  The  wide  fluctuation  In 
bone  dose  caused  by  fluctuations  In  the 
radium  concentration  of  drinking  water 
would  not  have  any  sensible  effect  on  the 
genetically  significant  dose,  because  radium 
is  predominantly  a  bone-seeker  and  will 
deliver  very  little  radiation  to  the  gonads. 

SOMATIC  AND  rARCINOOENIC  EFFECTS 

7'he  natural  background  of  radiation  can 
be  estimated  to  cause  4.6  to  45  cases  of  can¬ 
cer  per  million  people,  depending  on  the  risk 
model  used.  The  amount  of  whole-body  radi¬ 
ation  from  radionuclides  In  typical  drinking 
water  contributes  less  than  1  percent  of  this 
amount,  and  thus,  for  cancers  other  than 
those  In  bone,  may  cause  a  negligible  In¬ 
crease  In  the  total.  Radium,  however,  can 
contribute  somewhat  less  than  7  percent  of 
the  total  bone  dose  received  from  back¬ 
ground  radiation  In  areas  of  “normal” 
radium  concentration.  The  average  carcino¬ 
genic  risk  associated  with  skeletal  Irradia¬ 
tion  by  radium  In  a  population  with  a  typi¬ 
cal  distribution  of  ages,  Is  estimated  to  ap¬ 
proximate  0.2  fatal  cases  of  bone  cancer  per 
million  persons  per  year  per  rem.  Therefore, 
over  a  period  from  10  to  40  years  after  the 
beginning  of  skeletal  Irradiation,  the  average 
risk  attributable  to  natural  background 
radiation' Is  estimated  to  range  from  0.6  per 
million  persons  per  year,  under  typical  con¬ 
ditions,  to  as  much  as  4  2  per  million  per 
year,  in  regions  where  26  pCfi/llter  of  radium- 
226  are  found  In  the  drinking  water.  It  has 
been  noted  that  In  the  United  States  120,000 
people  are  estimated  to  drink  water  contain¬ 
ing  between  9  and  25  pCI/llter  or  radlum- 
226  and  only  a  small  number  lie  near  the 
upper  end  of  this  range.  The  number  of  ex¬ 
cess  cancers  In  this  group  would  therefore  lie 


between  0.16  and  0.43  per  ytar.  Since  not 
all  the  120,000  people  drink  water  containing 
25  pCI/llter  of  radium-226,  the  latter  num¬ 
ber  is  Inordinately  high. 


The  radiation  associated  with  most  water 
supplies  Is  such  a  small  proportion  of  the 
normal  background  to  which  all  human 
beings  are  exposed,  that  It  Is  difficult,  if  not 
Impossible,  to  measure  any  adverse  health 
effects  with  certainty.  In  a  few  water  sup¬ 
plies,  however,  radium  can  reach  concentra¬ 
tions  that  pose  a  higher  risk  of  bone  cancer 
for  the  people  exposed. 

FUTURE  NEEDS 

The  precision  of  estimation  of  the  health 
risks  a.ssoclated  with  radlocu:tivlty  in  drink¬ 
ing  water  could  be  enhanced  If  several  water 
systems  were  analyzed  to  determine  the 
complete  distributions  of  beta  and  alpha 
radiation  that  constitute  the  gross  counting 
measurements. 

Because  the  precl.se  ratio  of  radium-228  to 
radlum-226  In  water  has  not  been  measured 
extensively,  an  attempt  should  be  made  to 
determine  the  ratio  In  several  ground  and 
surface  waters  whose  content  of  radlum-226 
Is  known.  The  waters  to  be  analyzed  should 
range  from  about  0.1  to  50  pCI/llter.  The 
percentage  of  the  daughter  radionuclides 
present  should  be  determined. 

Because  radon  is  a  noble  gas  that  Is  quickly 
released  from  water,  it  Is  possible  that,  la 
some  areas  of  high  radon  content,  water 
vapor  containing  radon  might  constitute  an 
inhalation  hazard  when  such  water  is  used, 
for  example,  in  humidifiers  or  for  showers.  A 
determination  should  be  made  whether  or 
not  radon  emanations  from  water  do  indeed 
constitute  an  Inhalation  hazard. 

The  models  used  in  this  report  do  not  take 
into  account  the  possibility  that  the  finely 
divided  solid  particles  that  occur  in  water 
may  alter  the  uptake  of  radionuclides.  The 
effects  of  the  solids  in  drinking  water  on  the 
metabolism  and  uptake  of  radionuclides 
merit  investigation. 
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